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PREFACE 

I HAVE  often  thought  that  the  Science  one 
learns  in  School,  and  sometimes  even  in 
College,  is  shorn  of  some  of  its  "  humanity  " 
through  our  ignorance  of  the  Hves  and  work  of  the 
pioneer  Scientists,  and  that  so  one  misses  a  great 
source  of  interest  and  inspiration.  For  I  do  not 
think  one  is  overstating  the  case  when  one  calls 
inspiring  the  long  patient  search  for  truth,  and  the 
willingness  to  endure  material  hardship,  and  what  is 
worse  to  a  sensitive  mind,  stupid  misunderstanding 
and  storms  of  criticism,  often  from  those  who  had 
been  counted  as  friends. 

And  as  one  reads  the  hves  of  the  great  men  of 
Science,  one  realises  that  they  one  and  all  had 
to  endure  hardness,  to  exercise  unfailing  courage, 
patience,  perseverance,  and  that  most  difficult  form 
of  honesty,  honesty  of  thought — and  further,  one 
learns  the  depth  of  devotion  to  humanity  which 
underlay  the  work  of  men  like  Pasteur,  Lister  and 
Galton,  and  the  debt  of  gratitude  which  we  one  and 
all  owe  to  them  for  the  benefits  which  they  have 
given  to  us,  and  which  we  now  so  calmly  take  for 
granted. 
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It  Is  always  well  to  keep  green  the  memories  of 
benefactors — and  it  is  well  to  remember  that 
Science  has  a  very  human  side — and  so  I  have  tried 
here  to  sketch  the  lives  and  work  of  six  famous 
Scientists  of  the  nineteenth  century,  that  century 
which  produced  so  many  outstanding  personalities 
in  Art,  Literature,  Philanthropy,  Politics,  as  well 
as  in  Science. 

I  am  indebted  for  information  to  the  following 
books  and  papers  : — Sir  R.  J.  Godlee's  Life  of  Lord 
Lister  (Macmillan,  1917),  the  publications  of  the 
Research  Defence  Society,  Professor  Frankland's 
"  Pasteur  Memorial  Lecture,"  published  in  the 
Journal  of  the  Chemical  Society  (vols.  71  and  72), 
"A.  R.  Wallace.  Letters  and  Reminiscences"  by 
J.  Marchant,  Punnett's  "  Mendelism,"  "  The  Life 
of  Charles  Darwin  "  by  F.  Darwin,  and  to  various 
other  books  and  papers,  which,  as  far  as  possible, 
are  referred  to  in  the  text. 

M.A. 

March,  1923. 
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LOUIS  PASTEUR 
1822-1895 


T  is  perhaps  a  rather  appropriate  time  just 
now  for  refreshing  one's  memory  of  Pasteur's 
work. 


Always,  he  stands  on  a  pinnacle  of  scientific 
eminence  whose  height  has  been  reached  by  only 
a  few  other  men — and  the  War  has  enormously 
emphasized  the  benefits  which  he  has  bestowed 
on  humanity. 

Pasteur  is,  I  think,  unique  amongst  scientists 
in  the  versatility  of  his  mind,  and  the  consequent 
scope  of  his  work,  and  the  practical  value  to 
humanity  of  that  work.  Pure  Science  often  shows 
very  little  practical  result — at  least  for  a  long  time  ; 
it  has  a  tendency,  in  the  opinion  of  the  "  man  in 
the  street  "  at  any  rate,  to  flower  seldom,  like  the 
Yucca  of  our  gardens,  and  it  is  often  looked  on 
askance  by  the  General  Public  for  this  reason.  In 
Pasteur's  case,  however,  we  have  an  exception 
to  this  state  of  things,  for  the  practical  results  of 
his  work  had,  almost  at  once,  enormous  effects  on 
chemistry,  on  commerce,  on  methods  of  treating 
disease  in  animals,  including  man  and  the  lower 
animals,  on  sanitation  and  public  health ;  and 
he  was  fortunate  in  that  he  lived  to  receive  the 
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admiration  and  thanks  of  almost  the  whole  world — 
a  recognition  which  in  many  cases  has  only  arrived 
in  time  to  be  recorded  on  a  tombstone.  He  pro- 
vides, I  think,  the  outstanding  example  of  a  scientist 
whose  work  could  be  practically  applied  to  the 
advancement  of  human  life — and  his  personality 
is  curiously  attractive  in  its  warm-heartedness  and 
humanity.  He  was  very  markedly  a  human  being, 
not  a  chilly  abstraction. 

Pasteur  was  born  in  quite  humble  circumstances, 
at  Dole  in  the  Jura  district  of  France,  in  1822. 
For  three  generations  his  family  had  been  tanners 
in  this  district.  His  great-grandfather  was  the 
first  freeman  in  the  family,  having  bought  himself 
out  of  serfdom.  Pasteur's  father  as  a  young  man 
had  been  one  of  Napoleon's  conscripts  and  had  won 
the  Cross  of  the  Legion  of  Honour  on  the  field  of 
battle,  for  valour  and  fidelity.  Thus  the  son  was 
fortunate  in  possessing  forbears  of  character  and 
strength.  There  is  much  evidence  of  the  influence 
of  the  father  on  the  son  ;  Pasteur  showing  time 
after  time  the  strength  of  his  devotion  to  France. 
He  was  perhaps  even  more  of  a  patriot  than  of  a 
scientist ;  e.g.  in  1848,  when  Europe  was  politi- 
cally greatly  upheaved,  Pasteur  enrolled  himself 
in  the  National  Guard  and  seeing  one  day  in  the 
Place  du  Pantheon,  a  sort  of  altar  labelled  "  autel 
de  la  patrie,"  promptly  placed  on  it  all  his  wTorldly 
wealth — 150  francs.  Again,  in  1870  he  was  return- 
ing from  Germany  to  France,  and  at  Strasburg, 
heard  that  France  was  on  the  verge  of  war  with 
Germany,  whereupon  he  hurried  to  Paris  and  was 
exceedingly  disappointed  when  the  military 
authorities  refused  to  enrol  him  in  the  National 
Guard — on  the  score  that  a  half-paralysed  man 
was  useless  in  the  army.    (He  had  had  a  paralytic 
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stroke  two  years  before,  in  1868,  and  never  shook 
off  the  physical  effects,  though  after  two  years  he 
was  able  to  continue  his  mental  work  as  well  as 
ever.)  His  gratitutfe  to,  and  admiration  for  his 
father  are  shown,  in  the  dedication  of  his  most 
famous  book  {Etudes  sur  la  Biere)  to  his  father. 

However,  to  return  to  his  boyhood — when  he 
was  two  years  old  the  family  moved  from  Dole 
to  Arbois,  where  his  father  bought  a  small  tannery, 
and  here  Pasteur  was  sent  to  school  at  the  Com- 
munal College,  where  at  first  he  showed  no  interest 
whatever  in  books  or  study  but  devoted  his  atten- 
tion to  fishing  and  to  sketching  his  companions. 
However,  directly  he  grasped  the  fact  that  his 
education  was  a  great  drain  on  the  family  funds, 
he  set-to  in  earnest  at  school  and  soon  developed 
the  passion  for  work  which  marked  the  whole  of  the 
rest  of  his  life. 

The  College  at  Arbois  did  not  teach  philosophy, 
and  so,  after  a  time,  Pasteur  went  on  to  Besancon, 
a  bigger  place,  with  better  educational  provision. 
Here  he  graduated  in  Science  and  Arts  and  was 
given  a  post  on  the  College  Staff. 

He  was  already  much  interested  in  Chemistry — 
too  much  so  for  the  professor  of  that  subject  at 
Besancon,  whom  Pasteur  used  to  embarrass  with 
unanswerable  questions.  The  professor  in  question 
disapproved  of  saying  "  I  don't  know  " — and  used 
to  try  to  keep  Pasteur  "  in  his  place  "  by  telling 
him  that  questions  were  to  be  asked  by  the  Teacher 
of  the  Scholar,  and  not  vice  versa.  One  rather 
sympathises  with  both  in  this  dilemma. 

In  1842,  i.e.,  when  he  was  twenty,  he  went  in  for 
the  entrance  examination  to  the  great  Ecole 
Normale  in  Paris  and  came  out  fourteenth  on  the 
list,  whereupon  he  refused  to  enter,  being  so 
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disappointed  at  not  getting  a  higher  place.  He 
took  the  examination  again  in  the  following  year 
and  was  fourth  on  the  list,  which  apparently  more 
or  less  satisfied  him. 

Now  he  was  able  to  attend  lectures  by  really 
great  chemists,  such  as  Balard,  the  discoverer  of 
bromine,  and  Dumas,  and  under  their  influence  he 
devoted  himself  entirely  to  chemistry  and  was 
specially  led  to  the  study  of  crystals  and  their 
action  on  light  passing  through  them.  All  crystals, 
except  those  of  the  cubic  system,  polarise  light  as  it 
passes  through  them,  i.e.,  cause  the  vibrations  of 
the  ether,  which  produce  light,  to  occur  in  one 
direction  only  instead  of  in  all  directions  at  right 
angles  to  that  of  the  ray.  This  fact  had 
been  discovered  in  1808,  i.e.,  thirty-four  years 
before  Pasteur  was  attracted  to  the  subject. 
Further,  it  was  known  that  certain  liquids,  e.g., 
tartaric  acid,  sugar  solution,  camphor  solution, 
affected  polarised  light  if  it  were  passed  through 
them, — altering  the  plane  of  the  vibrations. 
Now,  just  at  this  time,  Pasteur  set  to  work  to  study 
the  crystalline  form  of  tartaric  acid  and  the 
tartrates,  i.e.,  compounds,  or  "  salts,"  derived  from 
tartaric  acid — with  the  result  that  he  noticed  little 
facets  on  the  crystals  which  had  never  been  observed 
before,  and  these  facets  were  similarly  placed  in  all 
the  salts  (and  he  prepared  nineteen  different  tar- 
trates). Then  he  tried  the  effect  of  dissolving  the 
crystals  and  passing  polarised  light  through  the 
solutions  and  found  that  all  rotated  the  plane  of 
polarisation  in  the  same  way. 

He  inferred  from  this  that  the  newly  discovered 
facets  on  the  crystals  had  something  to  do  with  the 
fact  that  all  the  solutions  affected  light  similarly. 
Now  a  substance  called  racemic  acid  is  known, 
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which  resembles  tartaric  acid  in  chemical  com- 
position but  has  a  different  crystalline  form  and 
no  effect  on  light,  i.e.,  it  is  said  to  be  "  optically 
inactive."  Pasteur  next  examined  its  crystals 
and  found  that  they  had  none  of  the  facets  which 
he  had  discovered  on  tartaric  acid.  This,  of 
course,  strengthened  his  idea  that  the  crystalline 
form  was  connected  with  the  optical  properties 
of  substances.  However,  when  he  came  to  examine 
one  of  the  racemates  (sodium  ammonium  racemate) 
he  found  that  its  crystals  were  of  two  patterns — 
mixed,  one  pattern  having  facets  all  turned  to  the 
right  and  one  having  facets  all  turned  to  the  left. 
He  carefully  separated  these  into  twTo  heaps,  dis- 
solved each  heap  in  water,  and  tried  the  effect  of 
the  two  solutions  on  polarised  light,  with  the  result 
that  the  right-handed  crystals  turned  the  plane  of 
polarisation  to  the  right  and  the  left-handed 
crystals  turned  it  to  the  left.  Pasteur  was  so 
overcome  with  excitement  at  this  that  he  rushed 
from  the  laboratory,  and,  meeting  a  friend,  em- 
braced him,  told  him  of  the  discovery,  and  added, 
"  I  am  so  happy  about  it  that  I  am  shaking  to  such 
an  extent  that  I  cannot  again  get  my  eye  to  look 
through  the  polariscope."  He  submitted  his  results 
to  the  greatest  authority  on  the  subject,  Biot,  who 
subjected  him  to  a  most  searching  examination, 
at  which  Pasteur  had  to  repeat  his  experiments 
under  the  eye  of  the  master.  However,  everything 
"  worked,"  and  at  the  end  Biot,  much  moved, 
seized  Pasteur's  hand,  exclaiming,  "  My  dear  boy, 
I  have  loved  the  Sciences  so  much,  all  my  life,  that 
this  makes  my  heart  leap."  The  meaning  of  the 
discovery  was  that  racemic  acid  is  composite, 
consisting  of  two  kinds  of  tartaric  acid,  with  equal 
and  opposite  effects  on  light.    From  this  Pasteur 


6 


SIX  GREAT  SCIENTISTS 


concluded  that  the  difference  in  the  two  kinds  of 
tartaric  acid  must  lie  in  a  difference  in  the  arrange- 
ment of  the  atoms  in  the  molecules — and  so  he 
created  a  new  branch  of  Science  (Stereo-Chemistry, 
or  chemistry  in  space,  or  Solid  Chemistry),  which 
has  attracted  many  other  workers  and  led  to  most 
valuable  and  important  practical  results  in  the 
discovery  of  new  compounds,  many  of  which  are 
now  used  medically  and  are  of  almost  incalculable 
value  (e.g.,  Professor  Ehrlich's  "  Salvarsan,"  used 
for  a  widespread  contagious  disease,  also  certain 
antiseptics). 

Pasteur  continued  these  experiments  in  pure 
chemistry  from  1844  to  i860,  i.e.,  for  sixteen  years, 
and  in  the  course  of  them  hit,  by  chance — only 
there  was  genius  to  seize  the  chance — on  a  new  way 
of  separating  the  optically  inactive  racemic  acid 
into  two  optically  active  tartaric  acids,  and  this 
method  had  such  interesting  effects  on  his  later 
work  that  one  must  describe  it  very  briefly  here. 
He  noticed  one  hot  day  in  summer  that  a  tar- 
trate solution  in  his  laboratory  had  begun  to  get 
turbid  and  to  ferment.  Instead  of  flinging  it  away 
as  spoilt,  as  most  people  would  have  done,  it 
suggested  a  new  idea  to  him  : — Would  fermentation 
have  any  effect  on  racemic  acid  ?  To  solve  this 
problem,  he  set  up  fermentation  in  a  racemate 
and  found  that  the  inactive  liquid  gradually  became 
optically  active  in  consequence,  i.e.,  fermentation 
separated  out  the  two  active  constituents,  destroyed 
one  and  left  the  other,  and  this  discovery  was  one 
of  the  factors  which  led  on  to  his  remaikable  work 
on  Fermentation,  which  has  been  of  enormous 
commercial  value. 

At  this  point  one  may  say  a  word  about  his 
private  affairs.    In  1848,  at  the  age  of  twenty-six, 
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he  became  Deputy-Professor  of  Chemistry  in  the 
University  of  Strasburg,  and  here  he  met  his  future 
wife,  who  was  the  daughter  of  the  rector  of  the 
Strasburg  Academy.  They  were  married  in  1850, 
and  it  seems  that  Pasteur  was  so  buried  in  his  work 
on  the  wedding  day  that  he  entirely  forgot  the 
ceremony  and  had  to  be  fetched  by  a  friend.  The 
marriage,  however,  was  extremely  happy,  and  the 
wife  seems  to  have  been  an  important  factor  in  her 
husband's  work.  The  following  is  a  description  of 
the  menage  written  by  one  of  Pasteur's  fellow- 
workers  : — "  The  career  of  Pasteur  cannot  be 
properly  understood  without  a  knowledge  of  his 
family,  and  above  all  of  Mme.  Pasteur.  From 
the  first  days  of  their  united  life,  Mme.  Pasteur 
realised  what  manner  of  man  she  had  married,  and 
endeavoured  to  protect  him  from  the  difficulties 
of  life,  taking  upon  herself  the  cares  of  the  house, 
so  that  he  might  keep  his  mind  perfectly  free  for  his 
researches.  Mme.  Pasteur  loved  her  husband  to 
the  extent  of  understanding  his  labours.  In  the 
evening  she  wrote  to  his  dictation,  asking  for 
explanations,  for  she  took  a  living  interest  in  the 
hemihedral  facets  and  in  the  attenuated  viruses. 
Moreover,  she  saw  well  that  ideas  become  clearer 
through  exposition,  and  that  nothing  is  more 
conducive  to  the  suggestion  of  new  experiments 
than  the  description  of  those  which  one  has  just 
carried  out.  Indeed,  Mme.  Pasteur  was  not  only  a 
perfect  companion  to  Pasteur,  she  was  his  best 
assistant."  Clearly,  Pasteur  was  fortunate  in  his 
wife.  One  wonders  how  much  of  our  gratitude  to 
him  is  really  due  to  her. 

We  come  now  to  a  new  departure  in  Pasteur's 
scientific  work,  brought  about  by  the  two  facts  that 
in  1854,  when  he  was  thirty-two,  he  was  appointed 
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the  first  Dean  of  the  Faculty  of  Science  at  Lille, 
and  that  he  always  felt  an  unfailing  interest  in  the 
humanity  around  him.  Pasteur  never  seems  to  have 
lost  himself,  so  to  speak,  in  abstract  science.  His 
interest  in  his  fellows  and  his  country  tied  him  to 
earth,  in  a  good  sense,  and  so  we  find  him  at  Lille,  at 
once  trying  to  connect  the  work  of  his  Science 
Department  with  the  chief  local  industry,  viz.,  the 
manufacture  of  alcohol  from  beet  and  grain,  by 
giving  lectures  on  Fermentation.  At  this  time  people 
did  not  know  that  fermentation  was  due  to  plant- 
life  developing  in  the  fermenting  liquid,  as  we  do. 
They  thought  it  was  a  purely  chemical  process 
of  decomposition  (or  decay).  Pasteur,  however, 
proved  that  when  the  yeast  plants  were  put  into 
sugar  solutions  they  grew  and  multiplied,  mean- 
while converting  the  sugar  into  alcohol  and  carbon 
dioxide.  Further,  he  proved  that  a  different  type 
of  plant-life  (the  lactic  bacilli)  would  grow  in  sugar- 
solution  and  convert  it  into  lactic  acid,  and  so  he 
was  led  on  to  a  great  series  of  researches  on  fer- 
mentation, in  the  midst  of  which,  in  1857,  ne  was 
appointed  Director  of  Science  at  the  ficole  Normale 
in  Paris.  This,  though  an  advancement,  was  not 
an  unmixed  blessing,  because  in  Paris  he  had  no 
laboratory,  and  the  Government  said  it  could  not 
afford  one,  so  that  he  had  to  make  one,  at  his 
own  expense,  in  a  garret  of  the  ficole  Normale, 
where  he  went  on  studying  fermentation,  discover- 
ing amongst  other  things  that  some  bacilli  did  not 
like  fresh  air,  whilst  others  did,  and  so  dividing 
them  into  the  two  groups  with  which  we  are  familiar 
enough  to-day — aerobes  and  anaerobes. 

Until  Pasteur  made  this  discovery  it  was  sup- 
posed that  all  living  things  needed  oxygen  ;  now 
we  know  that  certain    bacteria,  e.g.,  those  of 
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tetanus  (lock-jaw)  can  only  live  in  absence  of 
air,  whilst  many  can  develop  without  it.  This 
fact  is  of  great  importance  in  Sewage  Disposal, 
at  least  in  all  methods  other  than  that  of  running 
sewage  direct  into  a  river  or  the  sea,  and  obviously 
the  sea  is  not  a  possible  receptacle  for  an  inland 
town,  and  more  and  more  it  is  being  made  illegal 
to  contaminate  rivers  with  untreated  sewage. 
Hence  more  and  more  installations  are  being 
set  up  for  dealing  with  sewage  bacteriologically, 
so  as  to  render  it  harmless  before  it  is  run  into 
the  river.  The  first  process  in  such  a  system 
is  that  of  the  Septic  Tank,  in  which  air  is  excluded, 
and  consequently  the  anaerobic  bacteria  get  their 
chance.  They  are  always  present,  naturally,  in 
sewage,  and  under  suitable  conditions  such  as  the 
septic  tank  provides,  they  multiply  and  meanwhile 
decompose  the  organic  matter  in  the  sewage,  con- 
verting the  solids  into  liquid.  Then  the  second 
stage  of  treatment  begins  :  the  sewage  is  exposed 
to  light  and  air,  which  gives  the  aerobic  bacteria 
their  chance.  They  also  are  always  present,  natur- 
ally, in  sewage,  and  they  continue  the  wcrk  of 
purification  till  the  sewage  is  as  safe  as  ordinary 
water  and  can  be  turned  into  any  stream  without 
hurting  that  stream  as  a  drinking  water  supply. 
Belief  in  the  existence  ot  life  without  air  was  by  no 
means  accepted  easily  by  Pasteur's  contemporaries  ; 
in  fact  there  was  a  storm  of  unbelief,  criticism  and 
opposition — the  usual  storm  which  greets  all  new 
ideas — but  in  spite  of  the  commotion  Pasteur 
firmly  adhered  to  his  statements,  and  he  lived 
to  see  the  dying  down  of  the  storm  and  the  accept- 
ance of  his  views. 

Now  we  come  to  an  interesting  by-path  in 
Pasteur's  work.    In  1847,  two  years  after  his 
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going  to  Paris,  his  daughter  caught  typhoid  fever 
and  died  of  it,  and  he  seems  to  have  felt  this  loss  very 
deeply.  Family  ties  were  very  strong  for  him, 
and  he  was  intensely  distressed  if  anyone  or  any- 
thing had  to  bear  pain,  e.g.,  he  always  insisted 
when  operations  on  animals  were  done  in  his 
laboratory,  that  the  animal  was  anaesthetised, 
fimile  Roux  said  that  Pasteur's  agitation  at 
witnessing  the  slightest  exhibition  of  pain  would 
have  been  ludicrous  if,  in  so  great  a  man,  it  had 
not  been  touching.  A  few  months  aftei  his 
daughter's  death  Pasteur  wrote  to  a  friend  : — 
"  I  am  pursuing  as  best  I  can  these  studies  on 
fermentation,  which  are  of  great  interest,  con- 
nected as  they  are  with  the  impenetrable  mystery 
of  life  and  death.  I  am  hoping  to  make  a  decisive 
advance  very  soon,  by  solving  the  famous  question 
of  spontaneous  generation." 

*  Now,  the  idea  that  life  could  originate  casually 
and  spontaneously  from  dead  matter  was  very 
ancient,  e.g.  : — 

(1)  Aristotle  says  that  "  every  dry  body  becoming 
moist,  and  every  moist  body  becoming  dry  en- 
genders animals." 

(2)  Virgil  says  that  "  bees  originate  in  the  decay- 
ing carcase  of  a  young  bull." 

(3)  Van  Helmont  gives  a  prescription  for  creating 
mice,  as  follows  : — "  Squeeze  some  soiled  linen 
into  the  mouth  of  a  vessel  containing  some  grains 
of  wheat ;  this  will  cause  the  wheat  to  turn  into 
mice  in  about  twenty-one  days,  the  mice  so  gener- 
ated being  adult  and  of  both  sexes." 

One  cannot  help  wondering  at  the  curious  credulity 
of  the  public  opinion  of  those  days,  and  at  the 

♦See  Journal  of  the  Chemical  Society,  July,  1897,  Pasteur 
Memorial  Lecture,  by  Frankland. 
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strange  absence  of  experimental  verification  of 
these  fascinating  statements.  However,  experi- 
ment began  at  last,  when  an  Irish  priest,  Father 
Needham,-  in  1745,  tried  heating  sealed  vessels 
containing  substances  liable  to  decay,  with  the 
result  that  plenty  of  microscopic  living  plants 
appeared  in  them.  He  assumed  that  the  prelimin- 
ary heating  had  been  enough  to  destroy  all  life 
in  the  vessels  and  hence  that  the  living  bacteria 
which  subsequently  appeared  had  been  "  spon- 
taneously generated  "  from  dead  matter. 

In  '*  1763,"  however,  an  Italian  priest,  the 
Abbe  Spallanzani,  repeated  the  experiments,  but 
heated  the  vessels  more  thoroughly,  with  the 
result  that  no  bacteria  appeared  subsequently. 
Hence  he  came  to  the  conclusion  that  tl  spon- 
taneous generation  "  was  impossible. 

Subsequent  investigators  got  doubtful  results,  and 
in  i860  the  French  Acadamy  offered  a  prize 
for  the  solution  of  the  problem  whether  sponta- 


neous generation  was  or  was  not  a  fact,  and  Pasteur 
entered  for  the  competition,  and  settled  the  matter 
once  and  for  all  in  the  negative,  proving  that 
if  a  substance  be  sufficiently  heated  to  destroy 
all  life  and  if  the  air  in  contact  with  it  be  filtered, 
so  that  it  is  free  of  germs,  then  the  substance  does 
not  alter,  i.e.,  bacteria  do  not  develop  in  it.  As 
usual,  his  opponents  said  they  had  obtained 
opposite  results,  so  Pasteur  asked  for  arbitration, 
and  the  Academy  appointed  a  Commission,  before 
which  Pasteur  and  his  adversaries  were  to  repeat 
their  experiments.  On  the  appointed  day,  Pasteur 
appeared  loaded  with  apparatus.  His  opponents, 
however,  had  none  ;  they  said  the  weather  was 
unpropitious  and  they  would  like  to  wait.  The 
Commission   very   reasonably  refused ;  Pasteur 
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did  his  experiments  successfully  and  won  the 
prize.  In  the  course  of  these  experiments  Pasteur 
found  that  some  germs  are  very  difficult  to  destroy 
by  heat ;  e.g.,  milk  developed  bacteria  even  after 
several  minutes'  boiling,  but  after  raising  the 
temperature  io°  C.  above  boiling  point,  he  found 
that  no  bacteria  were  left  alive.  This  work  on 
spontaneous  generation  was  of  great  value  because 
it  stimulated  other  scientists  to  study  the  habits 
of  germs,  and  much  of  our  modern  knowledge 
of  these  invisible  but  very  active  plants  sprang  from 
Pasteur's  discoveries. 

Pasteur  now  returned  to  his  work  on  fermenta- 
tion, and,  true  to  his  determination  to  apply 
Science  to  industry  and  to  the  welfare  of  humanity, 
we  find  him  explaining  to  the  vinegar-makers  of 
Orleans  exactly  how  the  bacteria  (mycodermae 
aceti)  which  convert  wine  into  vinegar  ought  to  be 
treated  in  order  to  make  the  maximum  amount  of 
vinegar  in  the  shortest  time,  and  from  this  he 
went  on  to  study  the  manufacture  of  wine,  and 
hence  passed  to  beer,  silk-worm  disease,  and 
finally  to  the  diseases  of  the  higher  animals,  in- 
cluding man. 

With  regard  to  wine,  it  occurred  to  him  that 
the  souring  of  wine  was  probably  due  to  bacterial 
action,  and  he  proved  that  this  was  so,  and  further, 
worked  out  preventive  measures.  Thus  he  tried 
adding  antiseptics  to  the  wine,  but  the  result 
was  unsatisfactory,  so  he  proceeded  to  try  heat 
and  proved  that  a  comparatively  low  temperature 
was  enough  to  kill  harmful  bacteria,  though  not 
all — i.e.,  he  used  the  method  now  generally  known 
as  "  pasteurisation,"  a  method  which  has  proved 
of  the  greatest  value  in  preserving  other  kinds 
of  food  besides  wine,  e.g.,  milk  and  cream,  and 


LOUIS  PASTEUR 


13 


which  will  probably  come  to  be  even  more  used 
than  at  present,  for  people  are  beginning  to  realise 
that  the  wholesale  use  of  preservatives  in  our 
food  is  likely  to  lead  to  serious  digestive  troubles. 

This  brings  us  on  to  1870,  when  France  and 
Germany  were  plunged  into  War,  and  Pasteur, 
ever  intensely  a  lover  of  France,  was  filled  with 
sorrow  and  anxiety,  and  with  loathing  of  Germany, 
e.g.,  he  wrote  to  the  University  of  Bonn,  which 
had  bestowed  on  him  the  degree  of  Doctor  of 
Medicine,  asking  that  his  name  should  be  re- 
moved from  the  Faculty  of  the  University,  and 
returning  his  diploma,  of  which  he  speaks  thus  : — 
"  To-day,  the  sight  of  this  parchment  is  odious  to 
me,  and  I  feel  offended  at  seeing  my  name  .  .  . 
placed  under  the  patronage  of  a  name  doomed 
henceforward  to  execration  by  my  country,  that 
of  Rex  Guilelmus  .  .  .  Having  offered  him- 
self as  a  soldier  and  been  refused  on  the  score  of 
physical  incapacity,  this  unconquerable  man  turned 
to  the  sword  of  Science,  and  took  up  the  study  of 
brewing,  in  order  to  discover  a  method  whereby 
France  might  produce  beer  as  good  as  that  manu- 
factured in  Germany.  He  imparted  his  dis- 
coveries to  the  English  brewers  as  well  as  to  the 
French,  with  the  rather  illuminating  remark, 
"  We  must  make  some  friends  for  our  beloved 
France."  In  1876  this  work  was  published  in  a 
book  called  "  fitudes  sur  la  Biere,"  which  has 
been  translated  into  English  and  is  the  best  known 
of  all  Pasteur's  books  in  England,  where  it  has 
been  of  tremendous  value  in  the  brewing  industry. 
Huxley  once  said  that  Pasteur's  work  on  fermenta- 
tion alone  saved  France  more  than  enough  to  pay 
the  indemnity  of  the  Franco-German  War. 

However,  Pasteur's  work  on  fermentation  did 
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not  stop  short  here  ;  it  had  far  more  important 
effects  on  medicine,  surgery,  and  public  health, 
for  it  was  the  starting-point  for  Lord  Lister's 
work  on  inflammation  of  wounds,  which  in  those 
days  caused  endless  trouble  after  operations, 
often  making  amputation  necessary,  and  fre- 
quently even  this  was  not  enough  to  save  the 
patient's  life.  About  33%  of  deaths  from  major 
operations  occurred  in  pre-Listerian  days,  with 
the  result  that  surgeons  were  unwilling  to  operate 
except  as  a  last  and  desperate  resort. 

Now  Pasteur's  discovery  that  fermentation  was 
due  to  bacteria  set  Lister  wondering  whether 
inflammation  was  not  also  a  type  of  fermentation 
due  to  bacteria  getting  into  the  wound.  And 
as  the  result  of  a  series  of  brilliant  researches  he 
proved  that  this  was  so,  and  that,  if  only  germs 
were  excluded  from  wounds,  inflammation  was 
averted.  Thus  the  foundation  of  Modern  Surgery 
was  laid.  It  is  tragic  that  Lister's  discoveries, 
made  in  1868-69,  jus^  before  the  outbreak  of  the 
Franco- Prussian  War  in  1870-71,  were  not  applied 
in  that  War.  It  has  been  said  that,  if  they  had 
been  used  on  behalf  of  France,  she  might  have 
proved  the  winner  instead  of  the  loser.  At  any 
rate,  thousands  of  lives  would  have  been  saved. 
Pasteur's  realisation  of  the  tragedy  of  ignorance 
in  high  places  is  shown  by  his  remark,  "  We  are 
paying  the  penalty  of  fifty  years'  forgetfulness 
of  Science  and  of  its  conditions  of  development." 

The  antiseptic  method  in  surgery  has  led  on 
to  the  aseptic  method  of  to-day,  where  the  ideal 
is  to  keep  the  patient's  skin  free  from  germs, 
so  that  the  living  tissues  need  not  be  soaked  in 
carbolic,  which  tends  to  destroy  the  tissue  as  well 
as  the  germ.     Hence,  though  the  instruments 
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and  the  doctor's  hands  and  everything  else  are 
rigorously  disinfected,  the  wound  is  not  thus 
treated,  unless  it  be  an  old  wound,  already  in- 
fected. The  enormous  value  of  this  work  is  shown 
by  the  fact  that  the  death-rate  to-day  in  major 
operations  has  fallen  to  about  1%. 

To  return  to  Pasteur — the  achievement  by 
which  he  is  best  known  to  the  man  in  the  street, 
viz.,  his  work  on  disease,  was  led  up  to  by  an 
investigation  into  which  he  was  almost  forced 
by  the  French  Government.  This  was  the  result 
of  a  mysterious  epidemic  of  silkworm  diseases 
which  for  fifteen  or  sixteen  years  had  been  de- 
vastating the  silk-industry  in  the  South  of  France. 
Now,  the  keeping  of  silkworms  was  one  of  the 
chief  home-industries  of  the  peasantry  of  that 
part  of  France.  Practically  every  family  set 
aside  the  best  room  in  the  house  for  the  rearing 
and  tending  of  silkworms  ;  the  women  got  up 
even  during  the  night  to  supply  the  worms  with 
fresh  mulberry  leaves  and  to  see  that  the  tem- 
perature of  the  room  was  just  right ;  and  in 
that  region  the  common  greeting  on  meeting  a 
friend  is  said  to  be  not  "  How  do  you  do  ?  "  but 
"  How  are  your  silkworms  doing  ?  " 

Until  1849  the  industry  had  flourished  con- 
sistently, but  in  1 849  the  moths  were  attacked 
by  disease.  It  was  thought  at  first  that  the  eggs 
were  at  fault,  and  fresh  ones  were  brought  from 
other  countries,  and  for  one  season  this  cured 
the  disease  ;  but  it  reappeared  in  the  first  genera- 
tion of  descendants  of  these  imported  worms,  and 
so  the  inhabitants  were  driven  to  import  fresh 
eggs  each  year.  Soon,  however,  the  disease  spread 
to  neighbouring  countries,  until  Japan  was  the 
only  silk-producing  country  free  from  the  disease. 
This  reduced  the  silk-growers  to  despair,  thousands 
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of  families  were  faced  with  ruin,  and  things  were 
so  serious  that  in  1865  the  Government  asked 
Pasteur  to  investigate  the  disease.  At  first  he 
refused,  on  the  ground  that  he  was  a  chemist  and 
not  a  naturalist  and  had  never  touched  a  silkworm 
in  his  life  ;  but  he  pleaded  ignorance  in  vain. 
"  So  much  the  better,"  replied  M.  Dumas,  who 
bore  the  message  from  the  Government,  "  you  will 
only  have  the  ideas  wrhich  come  to  you  from  your 
own  observations."  This,  coupled  with  his  sym- 
pathy for  the  people  of  the  devastated  region, 
overcame  his  reluctance,  and  he  set  out  for  Alais, 
a  town  in  the  silk  district. 

Now,  earlier  observers  had  noted  microscopic 
grains  or  "  corpuscles  "  in  the  bodies  of  the  diseased 
worms,  but  nobody  had  succeeded  in  finding  a 
remedy,  until  Pasteur  suggested  collecting  the  eggs 
laid  by  each  moth  separately  and  only  keeping 
those  derived  from  healthy  parents.  The  only 
way  in  which  this  could  be  done  was  by  use  of 
the  microscope,  and  Pasteur  realised  that  this 
instrument  would  be  a  strange  and  terrifying 
thing  to  the  peasants,  so  he  tried  to  reassure  them 
by  telling  them  that  his  little  girl  of  eight  years 
old  was  quite  at  home  with  it.  In  addition,  he 
directed  the  silkworm  rearers'  attention  to  the 
need  of  avoiding  over-crowding,  uncleanliness, 
over-heating,  and  unhealthy  conditions  generally, 
since  these  weakened  the  insects  and  made  them 
more  liable  to  the  disease. 

This  treatment,  though  it  was  not  at  once 
adopted,  was  very  successful  in  decreasing  the 
epidemic,  but  it  has  never  completely  eliminated 
the  disease,  apparently  because  the  silkworm  is  not 
the  only  insect  which  harbours  the  parasitic 
bacteria  which  cause  silkworm  disease.    What  it 
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has  achieved,  however,  is  the  keeping  of  the  disease 
well  in  check  and  the  consequent  saving  of  millions 
of  money.  It  has  been  estimated  that  before 
Pasteur  came  to  the  rescue  France  had  lost  forty 
million  francs  through  silkworm  disease.  An  even 
more  important  result  of  this  work  was  that  it  led 
Pasteur  on  to  study  the  infectious  diseases  of 
the  higher  animals,  including  Man. 

It  was  during  his  work  on  the  silkworm  that 
Pasteur  suffered  from  a  stroke,  the  physical  effects 
of  which  he  never  shook  off.  It  has  been  attributed 
to  overwork  on  the  silk-problem.  Providentially, 
however,  his  mind  was  not  injured,  and  in  1877, 
at  the  age  of  fifty-five,  he  began  to  study  the 
cattle-disease  named  Anthrax.  It  had  already 
been  suggested  that  this  was  due  to  a  germ,  and 
Pasteur  finally  proved  the  truth  of  this  theory  and, 
further,  worked  out  preventive  treatment.  He 
cultivated  the  anthrax  bacillus  in  such  a  way  that 
it  became  only  mildly  poisonous  and  proved  that 
these  attenuated  germs  introduced  into  an  animal's 
blood  gave  rise  to  only  slight  symptoms  of  anthrax 
and  protected  the  animal  from  taking  the  deadly 
form,  much  in  the  same  way  as  vaccination  prevents 
smallpox.  This  protective  treatment  has  safe- 
guarded millions  of  sheep  and  cattle  from  the 
disease.  Reports  from  France  and  Hungary  show 
that  on  many  farms  the  death-rate  from  anthrax 
has  fallen  from  10%  to  1%  amongst  sheep  and  from 
5%  to  less  than  1%  among  cattle.  The  treatment 
was  first  used  in  188 1.  In  England,  cattle  do  not 
suffer  much  from  it,  and  isolation  and  disinfection 
are  enough  to  keep  the  disease  within  bounds,  but 
in  other  countries,  where  often  the  soil  is  saturated 
with  the  disease,  it  is  a  most  serious  problem,  and 
it  is  here  that  the  protective  treatment  is  used. 
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It  is  estimated  to  have  saved  French  farmers 
280,000  francs  in  ten  years. 

Pasteur  went  on  to  study  many  other  diseases, 
and  in  connection  with  each  "  he  left  either  a 
method  or  a  clue  ;  "  e.g.,  Swine  erysipelas  is  a 
disease  which  in  some  countries  kills  a  large  number 
of  pigs — and  he  discovered  an  inoculation  treat- 
ment for  this  which  has  cured  or  prevented  innumer- 
able cases  (e.g.,  in  Germany  and  Hungary).  Other 
diseases  which  have  become  manageable  as  a  result, 
of  Pasteur's  work  are  Rinderpest,  which  used  to  be 
rampant  in  cattle  in  this  country  and  appeared 
in  1897  in  South  Africa  ;  Pleuro-pneumonia,  which 
was  stamped  out  of  this  country  in  1898  ;  Texas 
Cattle  Fever,  Horse  Sickness,  Malignant  Jaundice  in 
dogs,  Glanders,  Distemper,  Tubercle  in  cattle, 
Lock-jaw  (Tetanus)  in  horses — and  it  must  be 
remembered  that  the  methods  which  have  saved 
millions  of  animals  were  discovered  by  expeiiments 
on  animals.  One  should  bear  this  in  mind  when 
one  comes  up  against  the  anti-vivisectionist. 

And  this  brings  us  to  the  next  stage  of  Pasteur's 
work — that  on  human  diseases.  Overcoming  his 
dislike  of  seeing  suffering,  he  visited  the  hospitals, 
collecting  infectious  matter  from  patients,  exam- 
ining it  microscopically  and  identifying  the  germs 
associated  with  various  diseases,  e.g.,  at  this  time 
the  Maternity  Hospitals  were  devastated  by  puer- 
peral fever  in  every  country,  and  an  appalling 
number  of  women  died  from  the  disease.  Pasteur 
discovered  its  germ,  and  an  interesting  little  episode 
is  recorded  by  M.  Roux  in  connection  with  the 
discovery.  "  One  day,  at  a  discussion  on  puerperal 
fever  which  was  taking  place  at  the  Academy  of 
Medicine,  while  one  of  the  most  distinguished 
authorities  was  eloquently  descanting  on  the  causes 
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of  epidemics  of  this  disease  at  Maternity  Hospitals, 
he  was  suddenly  interrupted  by  Pasteur  as  follows  : 
— *  It  is  nothing  of  all  that  which  causes  the  epi- 
demic ;  it  is  the  doctor  and  his  belongings  which 
carry  the  germ  from  the  diseased  to  the  healthy 
woman/  And  when  the  speaker  replied  (with  the 
superiority  which  we  can  all  imagine)  that  he  wras 
afraid  they  would  never  discover  that  microbe, 
Pasteur  rushed  to  the  blackboard  and  drew  the 
germ,  saying,  1  Stop,  here  is  its  picture.'  "  Nowa- 
days, thanks  to  Pasteur  and  Lister,  epidemics  of 
this  disease  in  Maternity  Hospitals  are  unknown. 

Various  little  incidents  illustrate  Pasteur's  deter- 
mination to  stick  to  essentials  and  to  waste  no  time 
on  unimportant  details  of  classification,  etc.  Thus, 
a  learned  morphologist  one  day  arrived  at  the 
laboratory  with  the  information  that  a  germ  which 
Pasteur  has  described  as  a  micrococcus  was  really  a 
bacillus  (the  difference  is  merely  one  of  shape). 
Pasteur  replied  shortly,  "  If  you  want  to  know, 
it's  all  the  same  to  me."  On  the  other  hand,  he  had 
the  true  scientist's  instinct  for  the  detail  which  is 
important,  and  unlimited  patience  in  experimenting 
and  in  awaiting  results.  This  is  illustrated  by  the 
story  of  how  he  discovered  the  method  of  making 
vaccines,  i.e.,  weakened  germs,  which  can  be  inocu- 
lated in  measured  quantities  into  human  beings  as  a 
cure  or  preventive  of  the  disease  caused  by  the 
ordinary  unweakened  germ. 

He  had  gone  away  from  his  laboratory  for  a 
holiday,  in  1879,  whilst  working  at  fowl-cholera, 
and  on  his  return  found  all  his  cultivations  of  the 
germs  dead  or  dying.  He  proceeded  to  inoculate 
various  birds  with  these  dead  or  dying  germs  and 
found  that  the  birds  showed  signs  of  illness  but 
recovered.    The  idea  then  occurred  to  him  of 
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inoculating  them  with  a  fresh  lot  of  virulent  germs 
of  chicken-cholera,  and  he  was  amazed  at  the 
result,  viz.,  that  the  birds  still  resisted  the  disease, 
though  others,  which  had  not  been  previously 
dosed  with  the  exhausted  germs,  died.  So  he 
arrived  at  the  method  of  attenuating  germs,  i.e.,  of 
cultivating  them  so  that  they  were  weakened,  and 
also  at  the  fact  that  such  germs  inoculated  into  a 
healthy  animal  produced  a  mild  type  of  illness 
which  protected  the  animal  from  attack  by  the 
virulent  form  of  the  disease. 

The  first  human  disease  to  which  Pasteur  applied 
inoculation  was  Hydrophobia  or  Rabies,  the  horrible 
illness  produced  by  the  bite  of  a  "  mad  "  dog.  To 
give  one  some  idea  of  its  horrors  one  need  only  read 
such  descriptions  as  the  following,  of  a  child  of 
five,  admitted  to  a  French  hospital.  "  The  unfor- 
tunate little  patient  presented  all  the  characteristics 
of  hydrophobia :  spasms,  restlessness,  shudders 
at  the  least  breath  of  air,  an  ardent  thirst,  accom- 
panied with  an  absolute  impossibility  of  sw  alio  wing- 
convulsive  movements,  fits  of  furious  rage.  The 
child  died  after  twenty-four  hours  of  horrible 
suffering — suffocated  by  the  mucus  wThich  filled  the 
mouth."*  As  a  matter  of  fact,  its  germ  has  never 
been  found,  but  it  was  known  that  the  part  of  the 
body  affected  in  hydrophobia  was  the  nervous 
tissue,  and  Pasteur  tried  taking  some  of  the  nervous 
tissue  of  an  animal  which  had  died  of  the  disease 
and  attenuating  it,  which  he  found  could  be  done 
by  exposing  the  spinal  cord  of  rabid  rabbits  to  dry 
air,  which  weakened  it  until  after  fourteen  days  it 
wTas  harmless.  The  attenuated  spinal  cord  intor- 
duced  into  dogs  rendered  them  immune  to  hydro- 
phobia, but  the  treatment  was  not  tried  on  human 

*  "  The  Life  of  Pasteur,"  by  Ren£  Vallery-Radot. 
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beings  till  1885,  when  a  boy,  Joseph  Meister,  was 
brought  to  Paris  for  treatment  from  a  little  place  in 
Alsace.  He  had  been  bitten  by  a  mad  dog  two 
days  before.  Now,  human  beings  do  not  as  a  rule 
develop  hydrophobia  for  a  month  or  so  after  being 
bitten,  and  Pasteur,  being  as  usual  extremely  anxi- 
ous to  wrard  off  suffering,  undertook  the  treatment 
of  the  boy  by  inoculations,  which  were  continued 
for  ten  days.  Meanwhile  the  boy  was  hardly  ill  at 
all  and  played  about  the  laboratory  very  happily, 
though  Pasteur  was  devoured  by  fears  and  anxiety 
about  the  results.  However,  the  boy  was  abso- 
lutely cured,  and  two  months  later  a  shepherd,  who 
had  been  bitten  by  a  mad  dog,  was  similarly  cured, 
and  three  months  later  three  hundred  and  fifty  cases 
had  been  treated,  with  only  one  death.  By  1899, 
more  than  twenty-three  thousand  people  had 
undergone  the  treatment,  and  the  number  to-day 
must  be  larger  still.  The  deaths  amongst  these 
were  less  than  £%,  and  there  is  no  doubt  that  many 
of  the  rest  wTere  saved  from  a  terrible  death  by 
Pasteur's  work. 

But,  though  this  was  the  last  of  Pasteur's  great 
discoveries,  its  results  were  by  no  means  confined 
to  the  cure  of  hydrophobia,  for  the  fame  of  his 
success  stirred  up  other  scientists  to  try  similar 
methods  of  cure  for  other  diseases,  and  in  the  ten 
years  between  1880  and  1890  they  discovered  the 
germs  of  consumption,  diphtheria,  typhoid,  lock- 
jaw, cholera,  and  Malta  fever. 

In  1893  the  antitoxin  which  cures  diphtheria  was 
discovered,  and  also  the  protective  treatment  for 
cholera.  Before  the  discovery  of  the  antitoxin 
30.4%  of  diphtheria  patients  died  ;  now  8.3%  die. 
In  1894-5  the  germs  of  plague  and  of  the  tsetse-fly 
disease  in  animals  were  found.    In  1896^7  the 
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protective  inoculation  treatments  for  typhoid  and 
plague  were  discovered — with  the  result  that  in 
the  Great  War  there  was  extraordinarily  little 
typhoid  in  our  Army  compared  with  the  amount 
of  the  disease  which  had  occurred  in  earlier  cam- 
paigns, such  as  the  Boer  War.  "  In  India,  during 
1913,  93%  of  the  British  garrison  were  inoculated, 
and  the  deaths  from  typhoid  fell  from  the  usual 
300-600  to  only  20." 

In  1898-1900  it  was  proved  that  malaria  and 
yellow  fever  were  conveyed  by  mosquitoes.  Now 
malaria  each  year  kills  millions  of  men  and  weakens 
millions  more.  It  was  rampant  in  England,  under 
the  name  of  ague,  till,  comparatively  recently,  it 
was  banished  by  draining  the  malarial  districts. 
Now  we  know  the  cause  of  the  disease  we  can  fight 
it  in  two  ways — by  destroying  the  breeding-places 
of  the  mosquito  and  by  protecting  man  from  the 
bites  of  the  mosquito.  Thus,  every  puddle  of 
standing  water,  every  pond,  etc.,  should  be  drained 
or  oiled,  and  all  cisterns  and  wells  should  be  kept 
closed  in  a  malarial  district,  for  the  mosquito  lays 
its  eggs  in  water.  Windows  and  doors  must  have 
wire-gauze  shutters.  Beds  must  be  protected  by 
mosquito  nets.  Finally,  quinine  is  invaluable  as  a 
preventative  and  cure.  It  was  this  knowledge  that 
enabled  the  Americans  to  construct  the  Panama 
Canal,  after  the  French  had  failed  hopelessly  with 
enormous  loss  of  life  and  money  owing  to  the 
ravages  of  malaria  and  yellow  fever.  President 
Taft,  in  1911,  said  :  "  Colonel  Gorgas  changed  a 
pest-ridden  zone  into  a  district  as  free  from  disease 
as  any  of  the  States  of  the  South.  He  stamped  out 
yellow  fever,  so  that  for  more  than  four  years  there 
has  not  been  a  single  case  on  the  isthmus  ;  a,nd  he 
reduced  the  malignancy  and  extent  of  malaria  on 
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the  isthmus  to  such  a  point  that  the  percentage 
of  deaths  in  the  foreign  population  in  the  zone  is 
considerably  less  than  in  our  large  cities.  He  has 
made  the  zone  a  pleasant  and  healthful  place  to 
live  in.  Thus  the  great  work  of  construction  goes 
on  without  thought  now  of  the  dangers  which  made 
French  success  impossible." 

In  1903-5  Bruce  showed  that  sleeping-sickness, 
which  devastates  Central  Africa,  was  conveyed  by  a 
species  of  tsetse-fly.  In  1905  in  Uganda  it  caused 
8,003  deaths.    In  1910  the  number  was  reduced  to 

It  is  impossible  even  to  catalogue  the  list  of 
medical  discoveries  which  have  sprung  from 
Pasteur's  work — and  especially  since  the  Great 
War,  which  forced  us  to  deal  with  many  hitherto 
little-known  diseases  and  conditions  and  so  to 
greatly  increase  our  knowledge  of  thern.  For 
example,  at  the  beginning  of  the  War  tetanus 
(lock-jaw)  was  tremendously  common  amongst  our 
wounded  because  the  soil  of  Belgium  and  Northern 
France  is  full  of  the  germs  of  the  disease  ;  hence 
arose  the  custom  of  giving  every  wounded  man  a 
dose  of  anti-tetanic  serum,  which  reduced  the 
number  of  cases  of  tetanus  to  a  tiny  proportion. 

As  an  expression  of  world-gratitude,  the  Pasteur 
Institute  was  built  in  Paris  with  subscriptions 
which  came  from  all  parts  of  the  world.  It  was 
opened  in  1888,  and  was  the  joy  of  Pasteur's  few 
remaining  years. 

It  has  been  well  said  that  Pasteur  "  brought  the 
facts  of  disease  and  death  from  the  realm  of  the 
supernatural  and  miraculous  into  the  realm  of  the 
natural.  Disease  and  death  were  the  great  mys- 
teries, where  the  occult  held  sway.  The  malign 
and  mysterious  influence  of  the  moon  caused 
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lunacy  ;  there  was  the  evil  eye  with  its  morbific 
powers  ;  in  fever  and  in  epilepsy  the  body  was 
possessed  by  demons  ;  tuberculosis  was  the  King's 
Evil,  to  be  cured  by  the  "  Sovereign  touch."  Far 
more  than  all  other  men,  Pasteur  abolished  for  ever 
these  superstitions." 

And  to  the  end  he  retained  his  infinitely  attractive 
love  for  humanity.  "As  an  old  man  it  was  a 
touching  sight  to  see  him  amongst  the  sufferers 
under  treatment  at  the  Institute  Pasteur,  patting 
the  little  children  on  the  head,  heartening  up  the 
timid  and  giving  sous  to  the  brave,  infinitely  tender 
to  the  frightened  mothers."* 

Pasteur  died  in  1895,  at  the  age  of  seventy-three, 
and  was  buried  in  the  Institute. 


*  Shipley's  "Pearls  and  Parasites. 
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giants  who  have  been,  like  Pasteur,  bene- 


M — 4  factors  to  the  whole  world,  to  such  an 
extent  that  one  must  know  at  least  the  out- 
line of  their  work  and  achievements  if  one  is 
to  count  oneself  tolerably  educated — and  not 
basely  ungrateful  for  the  favours  one  has  received. 
And,  because  Lister's  work  was  so  largely  the  out- 
come of  Pasteur's,  it  is  right  to  consider  it  here, 
immediately  following  the  sketch  of  Pasteur's  life. 
Pasteur  himself  refers  with  special  pride  to  the 
letter  which  Lister  wrote  to  him  in  1874,  ascribing 
his  discoveries  in  antiseptic  surgery  to  Pasteur's 
work  on  fermentation,  and  this  letter  was  the  begin- 
ning of  a  life-long  friendship  between  the  two  men. 

To  anyone  who  realises  the  importance  of  heredity 
in  the  development  of  every  human  being,  it  is 
always  interesting  to  know  something  of  the  parent- 
age and  ancestry  of  a  great  man.  The  Lister 
family  came  from  Yorkshire,  near  Bingley,  where, 
at  the  end  of  the  sixteenth  century,  there  were  a 
good  many  of  them  successfully  occupied  in  various 
trades.  In  1705,  Thomas  Lister,  a  maltster  and 
farmer,  married  Hannah  Lister,  daughter  of  a 
yeoman,  and  both  joined  the  Quakers,  and  the 
family  mostly  remained  Quakers  till  quite  recently. 
Their  eldest  son,  Joseph,  became  a  tobacconist  in 
London,  and  his  youngest  son,  John,  was  Lord 
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Lister's  grandfather.  John  was  a  watchmaker  at 
first  but  later  on  took  over  his  father's  business 
and  later  still  became  a  wine  merchant.  He  was 
evidently  an  adaptable  person  and  of  a  tough 
constitution,  for  he  lived  to  be  ninety-eight.  He 
had  two  daughters  and  one  son,  Joseph  Jackson 
Lister,  who  was  a  remarkably  intelligent  and 
interesting  man  and  the  father  of  Lord  Lister. 

Joseph  Jackson  Lister  was  sent  to  Quaker 
schools,  where  he  received  a  good  education,  the 
Quakers  having  always  been  famous  for  their 
schools,  as  they  are  to-day.  His  father  backed  up 
the  school  nobly  in  its  efforts  to  impart  learning 
to  his  son,  as  is  illustrated  in  the  following  letter 
which  he  wrote  to  Joseph  when  the  latter  was  aged 
ten.  It  might  serve  as  a  model  for  the  modern 
parent  in  many  respects,  it  seems  to  me. 

"  21st  of  3rd  month,  1796. 

"  Dear  Joseph, 

"As  I  often  think  of  thee  with  desires  that 
thou  may  grow  up  a  sober  industrious  lad,  so  am 
also  desirous  that  thou  shouldest  see  a  little  of 
what  is  publishing  for  the  instruction  and  benefit 
of  the  youth  of  the  present  Generation  and 
adapted  to  the  capacities  and  employments  of 
many  of  them,  have  therefore  sent  thee  nine 
Books  for  the  purpose,  and  I  greatly  desire  that 
thy  principal  care  may  be  to  discharge  thy  duty 
to  thy  teachers,  and  to  keep  a  conscience  void  of 
Offence  to  thy  Creator  from  Whose  bounty  we 
are  supplied  with  every  favour  that  we  enjoy. 
But  on  enquiring  after  thee  from  J.  Vully,  the 
Usher,  I  hear  that  he  has  to  complain  of  thy 
being  so  very  long  in  writing  about  ten  lines 
in  a   Copy,    and    learning   a   little  spelling, 


JOSEPH  LISTER 


27 


that  two  and  a  half  hours  are  often  taken 
up  therewith,  which  am  satisfied  thou  mightest 
accomplish  in  one  hour,  so  that  thou  hast 
but  little  time  for  the  Latin,  this  has  made 
me  sorry,  because  an  hour  and  a  half  wasted  is 
a  loss  thou  may  have  great  reason  to  regret,  as 
well  as  such  a  habit  continued  in  of  idling  thy  time 
must  prove  of  bad  consequence  and  deprive  of 
the  satisfaction  of  reflecting  that  thou  hast  spent 
thy  time  to  the  best  of  thy  Capacity,  which  is 
both  thy  duty  and  interest. 

"  Thy  Usher  therefore  with  me  concludes  that 
the  writing  and  spelling  shall  be  the  last,  that 
the  prime  of  the  morning  may  be  applied  to  Latin 
and  French,  and  I  do  desire  thee  to  be  in  earnest 
whilst  in  the  School  to  apply  with  industry,  that 
so  by  overcoming  the  difficulties  thou  may  begin 
to  taste  the  sweets  of  Learning.  The  Usher 
desiring  to  borrow  for  thy  perusal  LTIenriade 
occasions  me  with  sorrow  to  acquaint  thee,  that 
the  cousin  J.  R.  Stevens  (whose  Book  it  is)  by 
giving  way  to  a  slothful  disposition  in  a  morning, 
not  accommodating  himself  to  our  meals,  and 
indeed  by  wasting  time,  has  rendered  himself  so 
uncomfortable  in  my  family,  that  I  did  not  chuse 
to  keep  him  any  longer  ;  and  he  now  lodges  in 
an  obscure  Chandler's  Shop,  but  desire  thou  wilt 
keep  this  information  a  secret,  as  we  hope  he  may 
mend. 

"  O  my  Son,  there  is  nothing  like  doing  the 
best  thou  can  to  please  those  who  have  the  care 
of  thy  instruction  and  thy  good  at  heart,  so 
hoping  I  shall  hear  no  more  complaints  of  thee,  I 
remain  with  love,  joined  by  thy  Mother  and  Sister, 
"  Thy  truly  affectionate  Father, 
"  John  Lister. 
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"  P.S. — I  think  I  have  been  half  an  hour  writing 
this  though  often  interrupted  and  hope  a  word 
to  the  wise  will  be  sufficient. 

"  We  intended  to  have  sent  thee  a  plumb 
cake,  had  we  heard  a  better  account  but  shall 
now  leave  it  till  another  time."* 

On  leaving  school,  John  Jackson  Lister  was 
apprenticed  to  his  father's  business  (of  wine- 
merchant)  and  therefore  had  to  travel  about  the 
country  a  good  deal,  and  on  one  of  his  journeys  he 
visited  Ackworth  School,  near  Pontefract,  and 
there  fell  in  love  with  one  of  the  teachers,  named 
Isabella  Harris.  This  school  was  one  of  those 
maintained  by  the  Quakers,  and  Isabella  was  held 
in  high  esteem  by  children,  parents  and  teachers. 
Her  family  were  natives  of  Cumberland  and 
apparently  not  famous,  though  upright  and  con- 
scientious. 

Seven  years  after  their  marriage,  the  Listers 
bought  an  old  Queen  Anne  house  at  Upton  in 
Essex,  and  here  their  second  son,  Joseph,  afterwards 
Lord  Lister,  was  born  and  brought  up  in  the 
Quaker  atmosphere,  which  was  very  strong  in  those 
days  (the  first  half  of  the  nineteenth  century) — a 
very  different  thing  to  what  it  has  now  become. 
Friends  refused  to  take  oaths  or  subscribe  to  the 
thirty-nine  Articles  and  were  therefore  excluded 
from  the  old  Universities,  and  from  Army,  Navy 
and  Church,  and  to  some  extent  from  the  other 
professions.  Most  were  therefore  in  business  and, 
as  they  lived  very  simply,  often  became  wealthy. 
They  abjured  frivolities  such  as  theatres,  dancing, 
hunting,  music,  and  therefore  had  all  the  more  time 
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for  education,  and  the  standard  of  culture  amongst 
them  was  uncommonly  high.  It  followed  from 
their  way  of  life  that  they  were  somewhat  cut  off 
from  social  intercourse  with  the  world,  and  this 
separation  was  intensified  by  the  fact  that  they 
were  not  expected  to  marry  outside  the  Society. 
Hence  many  Quaker  families  were  related  by 
marriage.  Also,  their  special  dress  marked  them 
off  from  the  world.  It  was  conspicuous  because 
old-fashioned  and  extremely  quiet  in  colour. 
Lastly,  the  Quaker  speech  was  distinctive.  They 
called  it  the  "  plain  language  "  and  used  no  pre- 
fixes or  suffixes  in  addressing  others,  except  the 
word  "  Friend/'  "  Thee  "  and  "  thou  "  were 
substituted  for  "  you." 

This  does  not  mean  that  Lister  had  a  miserable 
childhood  ;  on  the  contrary,  the  family  life  was 
very  happy  and  healthy,  and  the  children  rode, 
skated,  played  cricket,  took  long  country  walks, 
and  went  in  largely  for  "  Natural  History  " — the 
study  of  fossils,  plants,  birds,  etc.  All  through, 
however,  as  Sir  R.  Godlee  says,  "  there  was  never 
any  question  that  life  was  a  gift  to  be  employed 
for  the  honour  of  God  and  the  benefit  of  one's 
neighbour/' 

Lister's  father  was  a  good  instance  of  the  high 
level  of  literary  and  scientific  knowledge  and 
achievement  reached  by  some  of  the  Quaker  busi- 
ness-men of  that  period.  He  left  school  at  fourteen, 
but  found  time  to  study  mathematics  and  optics 
to  such  purpose  that  in  1832  he  was  made  a  Fellow 
of  the  Royal  Society.  Further,  he  knew  Latin, 
French,  and  German,  and  was  a  good  artist,  both 
in  landscape  and  portraits.  Clearly,  contact  with 
such  a  man  was  likely  to  influence  his  children 
strongly,  and  Lord  Lister  owed  much  to  his  father. 
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Joseph  Lister  was  sent  to  two  private  schools 
and  did  well.  A  feature  of  the  second  school  was 
the  writing  of  essays,  and  some  of  these,  written 
at  about  the  age  of  fifteen  or  sixteen,  are  on  topics 
such  as  "  The  Human  Structure — Osteology,"  and 
"  The  Similarity  of  Structure  between  a  Monkey 
and  a  Man,"  and  are  illustrated  with  beautiful 
drawings,  showing  that  he  was  already  interested 
in  anatomy,  and  at  home  he  used  to  dissect  fish 
and  small  animals  and  mount  their  skeletons. 
Thus  it  can  hardly  have  been  a  surprise  to  the 
family  that  from  his  boyhood  he  wanted  to  be  a 
surgeon,  and,  though  his  father  was  rather  against 
the  idea  at  first,  he  gave  way  when  he  saw  that 
the  boy  was  serious  in  his  wish,  and  sent  him,  at 
seventeen,  to  University  College,  London. 

Here  Lister  spent  three  years  in  getting  the  B.A. 
degree.  His  father  considered  this  "  humanistic  " 
or  literary  education  a  necessity  for  a  medical  career, 
and  Lister  himself  always  recommended  young  men 
to  take  an  Arts  degree  if  they  could  afford  the  time 
and  money  before  taking  up  medicine. 

In  1848  he  began  medical  work,  i.e.,  very  soon 
after  the  discovery  of  ancesthetics  (ether  and  chloro- 
form) and  when  surgery  was  very  rough  and  ready 
compared  with  what  it  is  to-day.  The  sequel  of  an 
operation  was  also  a  very  different  matter  to  what 
it  is  to-day.  It  seemed  to  be  simply  a  matter  of 
chance  whether  patients  died  or  recovered.  Their 
progress  was  constantly  stopped  or  retarded  by 
inflammation,  suppuration,  gangrene,  and  erysi- 
pelas. Hence  only  absolutely  necessary  operations 
were  done,  for  the  risks  were  so  enormous. 

In  1852  Lister  got  his  M.B.  degree  and  a  Fellow- 
ship of  the  Royal  College  of  Surgeons,  and  in  1853 
he  went  to  Edinburgh  to  see  the  work  of  a  famous 
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surgeon  called  Syme.  He  intended  staying  a 
month,  but  actually  remained  for  seven  years,  so 
great  was  his  admiration  of  what  he  saw  at  the 
hospital,  for  Edinburgh,  which  has  for  many  years 
been  famous  for  its  medical  school,  was  at  that  time 
ahead  of  London  in  many  ways.  Syme  made  him 
a  house-surgeon  at  the  hospital,  and  Lister  married 
his  daughter,  Agnes  Syme,  and  therefore  severed 
his  official  connection  with  the  Quakers  and  joined 
the  Episcopalian  Church.  In  1855  he  began  an 
important  investigation  on  Inflammation,  and  it 
should  be  remembered  here  that,  like  Pasteur,  he 
was  fortunate  in  his  wife.  Mrs.  Lister  sometimes 
wrote  for  her  husband  from  dictation  for  seven  or 
eight  hours  a  day  and  "  was  most  helpful  in  sugges- 
tions as  to  words  and  arrangement  of  sentences." 

In  i860  he  was  appointed  Professor  of  Surgery 
at  Glasgow,  where  for  five  years  he  was  engrossed 
in  the  more  or  less  routine  work  of  surgery,  though 
he  kept  up  his  study  of  inflammation  ;  but  in  1865 
came  his  greatest  discovery.  As  we  have  said, 
operations  in  those  days  were  comparatively  rare 
because  the  simplest  was  likely  to  be  fatal,  owing 
to  blood-poisoning.  This  was  far  commoner  in 
hospitals  than  in  private  houses,  and  sometimes 
whole  wards  in  a  hospital  had  to  be  closed,  and  the 
pulling-down  of  the  whole  building  was  often 
advocated,  so  soaked  with  infection  did  they  seem. 
Now  Lister  was  most  careful  to  ventilate  his  wards 
and  to  keep  them  clean,  and  yet  his  patients,  too, 
often  died  from  the  so-called  "  hospital  diseases," 
viz.,  erysipelas,  gangrene,  blood-poisoning,  and 
lock-jaw.  Nowadays  these  diseases  are  very  rare  ; 
then  they  were  so  common  as  to  be  a  perfect 
nightmare,  because  though  microbes  were  known, 
it  was  not  known  that  they  caused  disease,  and  this 
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fact  explains  why  doctors  were  so  helpless  in  face 
of  these  "  hospital  diseases."  The  only  fact  they 
knew  about  them  was  that  they  were  increased 
by  dirt  and  overcrowding  of  patients,  and  it  was 
therefore  assumed  that  foul  air  caused  them. 

Further,  surgical  cleanliness  as  understood  to-day 
was  then  unknown.  One  or  two  jugs  and  basins  and 
a  few  towels  were  all  the  cleansing  apparatus  used, 
and  no  disinfectants  except  a  little  potassium  per- 
manganate (Condy's  fluid)  was  evei  used.  There  was 
no  sterilising  of  instruments,  sponges,  dressings,  etc., 
and  the  surgeons  wore  their  oldest  clothes,  and  both 
they  and  the  nurses  went  from  cases  of  "  hospital 
disease  "  to  healthy  patients  with  entire  promis- 
cuousness,  and  even  backwards  and  forwards 
between  the  dissecting-room  and  the  wards. 

The  result  was  that  a  mortality  of  24%-26%  of 
cases  of  major  amputations  of  limbs  was  considered 
very  satisfactory  in  London.  In  Edinburgh  the 
death-rate  after  such  operations  was  43%  ;  in 
Glasgow,  39%  :  in  Paris,  60%  ;  in  Zurich,  46%  ; 
in  Vienna,  43%.  In  the  Army,  the  death-rate 
sometimes  reached  75%  to  90%,  and  nobody  knew 
the  reason  why.  Lister,  writing  of  the  Glasgow 
hospital,  says  :  "  My  patients  suffered  from  the 
evils  alluded  to  in  a  way  that  was  sickening  and 
often  heartrending,"  and  his  mind  was  full  of  the 
desire  to  get  at  and  remedy  the  cause  of  this  state 
of  things.  He  tried  every  preventive  he  could  think 
of — more  air-space,  antiseptic  cleansing  of  wounds, 
medicine — and  all  to  no  purpose.  All  ended  in 
disappointment  and  failure. 

Then,  in  1865,  his  attention  was  drawn  to 
Pasteur's  work  on  fermentation  and  putrefaction, 
and  he  saw  at  once  that  this  might  solve  his  problem 
on   wound-infection.    Pasteur  had   proved  that 
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putrefaction  and  fermentation  were  due  to  the 
growth  of  microscopic  plants  in  the  decomposing 
material,  and  that  these  "  germs  "  were  carried  in 
the  air,  and  that  air  could  be  freed  from  them  by 
filtering,  heating  or  treatment  with  chemicals,  and 
Lister  saw  that  probably  wound-poisoning  was  due 
to  germs  from  the  air  getting  into  the  wound,  and 
that,  if  so,  the  thing  to  do  was  to  so  purify  the  air, 
the  dressing,  and  everything  which  came  in  contact 
with  the  wound  that  no  germs  got  into  it.  This 
was  the  foundation  principle  of  his  system  of 
A  ntiseptic  Surgery . 

He  at  once  began  to  look  about  him  for  a  suitable 
chemical  antiseptic,  and,  having  heard  that  Car- 
bolic Acid  had  been  used  as  a  disinfectant  for 
sewage,  he  tried  swabbing  wounds  with  it.  This 
was  found  to  irritate  the  wound,  because  strong 
carbolic  acid  attacks  the  body-tissues  as  well  as 
germs  ;  hence  Lister  tried  a  solution  of  the  acid  in 
oil  and  mixed  with  carbonate  of  lime  till  it  was  like 
putty.  This,  applied  to  wounds,  gave  good 
results,  and  Lister  published  his  discoveries  in  the 
Lancet,  in  1867,  and  also  read  a  paper  at  the  Dublin 
meeting  of  the  British  Medical  Association,  in 
which  he  describes  the  revolution  caused  in  the 
Glasgow  Infirmary  thus  : — "  Since  the  antiseptic 
treatment  has  been  brought  into  full  operation, 
and  wounds  and  abscesses  no  longer  poison  the 
atmosphere  with  putrid  exhalations,  my  wards, 
though  in  other  respects  under  precisely  the  same 
circumstances  as  before,  have  completely  changed 
their  character ;  so  that  during  the  last  nine 
months  not  a  single  instance  of  pyaemia,  hospital 
gangrene,  or  erysipelas  has  occurred  in  them/' 

The  reception  given  to  the  new  idea  by  the 
medical  world  was,  as  usual,  a  mixture  of  welcome 
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and  disapproval,  not  unmixed  with  jealousy.  Sir 
James  Simpson,  the  discoverer  of  chloroform,  was, 
curiously  enough,  one  of  the  bitterest  opponents 
of  the  new  system,  and  his  reputation  made  him  a 
formidable  enemy. 

Meanwhile,  Lister  went  on  elaborating  his  anti- 
septic methods,  e.g.,  trying  other  disinfectants 
instead  of  carbolic,  methods  of  making  the  ligatures 
with  which  he  tied  the  ends  of  blood  vessels  anti- 
septic and  absorbable,  and  different  forms  of 
dressings.  One  of  his  inventions  was  a  carbolic 
spray,  to  disinfect  the  air  round  a  wound.  The 
spray  underwent  various  evolutions ;  thus  it 
began  as  a  small  hand  spray,  but  this,  unless  he  had 
an  assistant,  meant  that  the  surgeon  had  only  one 
hand  left  free,  so  then  a  foot-spray  was  invented, 
but  it  was  very  hard  to  work,  requiring  relays  of 
assistants  in  a  long  operation,  and  soon  it  was 
replaced  by  a  "  steam-spray,"  which  produced 
a  huge  cloud  of  fine  spray,  enveloping  patient, 
nurse,  surgeon,  in  fact,  the  whole  room,  with  a 
thick  fog  of  carbolic  vapour,  which  was  a  very 
inconvenient  atmosphere  in  which  to  breathe  and 
work.  Further,  the  machine  sometimes  refused  to 
work,  sometimes  the  vapour  was  too  coarse  and 
wetted  the  operator  and  wound,  so  that  the  sur- 
geon's fingers  were  made  white  and  numb,  and, 
though  the  chloroformed  patients  could  not  express 
an  opinion,  they  must  have  suffered  considerably 
from  the  carbolic  inhaled.  Nevertheless  the  spray 
was  used  all  over  the  wTorld  for  many  years,  till 
in  1880  a  German  surgeon  published  a  paper 
protesting  against  it,  and  after  this  many  sur- 
geons gave  it  up,  though  Lister  went  on  using 
it  till  1887,  when  he,  too,  abandoned  it  because 
he  realised  that  it  was  quite  ineffective  as  a  killer 
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of  the  germs  in  the  air.  Also  he  abandoned 
the  carbolic  plaster  and  substituted  gauze  soaked 
with  carbolic  acid  and  then  dried,  and  later  on 
replaced  it  by  gauze  impregnated  with  the  double 
cyanide  of  mercury  and  zinc,  and  this  is  still 
the  dressing  used  by  those  who  practice  "  anti- 
septic "  as  opposed  to  the  so-called  "  aseptic  " 
methods.  One  other  antiseptic  substitute  may 
be  mentioned  here  because  it  is  so  well-known 
as  an  ordinary  household  commodity,  viz.,  Boracic 
acid  ;  Lister  began  to  use  it  in  1871.  It  can  be 
used  as  a  powder,  as  ointment,  or  in  the  fibres  of 
the  lint  called  boracic  lint,  which  was  first  made 
by  Lister. 

The  antiseptic  method  was  only  slowly  adopted 
by  other  surgeons  in  England,  and  the  provinces 
were  ahead  of  London  in  this  matter,  especially 
the  North  and  Midlands,  where  Lister's  own 
students  often  got  hospital  appointments. 

The  "  hospital  diseases "  on  the  Continent 
were  at  this  time  even  more  rampantly  destructive 
than  in  England,  but  gradually  the  antiseptic 
method  was  introduced  and  the  results  seemed 
miraculous,  e.g.,  Professor  Nussbaum  describes 
the  effect  of  introducing  it  into  Munich  in  1875 
thus  : — "  Everything  that  we  had  tried  against 
the  above-mentioned  horrors  had  proved  un- 
successful. The  open  treatment,  the  occlusion 
dressing,  the  continuous  water  bath,  irrigation 
with  chlorine  water  or  with  carbolic  acid  solution, 
salicylic  acid  in  powder  and  in  solution,  the  putting 
on  of  Lister's  antiseptic  materials — carbolic  paste, 
etc. — all,  all  were  unable  to  combat  hospital  gan- 
grene and  pyaemia.  But  when,  in  the  course 
of  a  single  week,  with  great  energy  and  industry, 
we  applied  to  all  our  patients  the  newest  anti- 
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septic  method,  now  in  many  respects  improved 
by  Lister,  and  did  all  the  operations  according 
to  his  directions,  we  experienced  one  surprise 
after  another.  Everything  went  well ;  not  a 
single  case  of  hospital  gangrene  occurred.  Pyaemia 
and  erysipelas  were  observed  a  few  times  at  the 
very  beginning,  but  only,  as  the  result  proved, 
because  we  did  not  yet  possess  the  necessary 
practice  in  the  carrying  out  of  Lister's  direc- 
tions."* 

Curiously,  France  was  long  in  adopting  Lister's 
principles,  and  Italy  was  also  slow  in  moving, 
and  in  America  progress  was  slower  still.  In  1877, 
the  Surgeon  to  the  New  York  and  Roosevelt 
Hospitals  wrote  :  "  It  is  only  lately  that,  in  Amer- 
ica, attention  has  been  given  practically  to  the 
teachings  of  Lister  in  respect  to  the  treatment 
of  wounds." 

In  1869  Lister  had  succeeded  to  Syme's  post  at 
Edinburgh,  and,  speaking  of  his  work  there, 
his  house-surgeon  said  :  "In  the  Hospital  wards 
it  was  not  only  the  healing  art  which  was  taught. 
They  were  a  school  of  gentleness  and  human 
sympathy,  and  we  can  well  remember  the  darken- 
ing of  his  countenance  as,  with  stern  severity, 
he  rebuked  an  unthinking  student  for  lifting  a 
broken  leg  somewhat  roughly."  In  1877  he  was 
offered  and  accepted  a  Professorship  of  Surgery 
at  King's  College  Hospital,  London.  He  accepted 
this  largely  because  he  felt  that  London  was  still 
largely  unconverted  to  his  antiseptic  methods, 
and  he  intensely  desired  that  conversion.  His 
work  was  not  exactly  easy  to  begin  with,  for  King's 
College  was  a  small  institution,  and  Lister  in 
coming  to  London  exchanged   crowded  classes 

♦"Lord  Lister,"  by  Godlee,  p.  339. 
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of  enthusiastic  students  in  Edinburgh  for  small 
numbers  of  comparatively  apathetic  learners,  many 
patients  for  few,  and  hearty  co-operation  from 
the  nursing  staff  for  chilly  lack  of  sympathy  and 
subservience  to  red-tape.  Gradually,  however, 
the  success  of  his  operations,  together  with  his 
courtesy  and  humility,  broke  down  prejudice 
and  opposition,  and  by  1890  the  medical  world  of 
London  was  on  his  side. 

Aseptic  v.  Antiseptic  Surgery. — To-day,  anti- 
septic surgery  is  often  spoken  of  as  out-of-date, 
as  having  been  superseded  by  the  aseptic  method. 
The  fact  is  that  the  differences  between  antiseptic 
and  aseptic  surgery  have  been  much  exaggerated. 
The  truer  view  is  to  look  on  the  latter  as  a  develop- 
ment of  the  former.  The  essence  of  the  Anti- 
septic method  was  the  destruction  of  germs  by 
chemical  disinfectants  either  before  they  reached 
a  wound  or  so  soon  after  that  they  had  had  very 
little  time  in  which  to  multiply.  There  was  a 
difficulty  here  which  Lister  had  recognised,  viz., 
that  the  body  tissues  could,  if  healthy,  do  a  good 
deal  by  themselves  to  kill  germs  (phagocytosis) 
and  that  strong  disinfectant  tended  to  weaken 
the  tissue  and  decrease  ths  power  of  its  white 
corpuscles  to  kill  germs.  Hence,  as  time  went  on, 
Lister  recommended  weaker  solutions  of  carbolic, 
but  one  school  of  surgeons  held  that  it  was  better 
to  use  no  chemicals  on  a  wound,  but  to  rely  simply 
on  very  thorough  scrubbing  and  washing  of  the 
parts,  and,  by  taking  very  great  care  over  details, 
excellent  results  were  got  by  the  new  method. 
Really,  this  is  only  a  modification  of  the  antiseptic 
method — a  modification  in  which  chemical  dis- 
infectants play  a  less  important  part  and  heat  a 
greater  part — but  both  have  the  same  end  in  view 
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viz.,  the  exclusion  of  germs  from  wounds,  and 
this  was  the  root  idea  of  Lister  s  work.  The  aseptic 
method,  because  it  involves  absolute  sterility 
of  every  person,  place,  and  thing  employed  in 
connection  with  the  operation,  entails  much  more 
care  and  trouble  than  the  antiseptic  method, 
and  involves  far  more  possibilities  of  things  going 
wrong,  if  a  nurse,  for  instance,  be  careless  in  the 
slightest  detail,  such  as  covering  a  vessel  of  boiled 
water  with  an  wwsterilised  towel — and  some  sur- 
geons consider  that  the  results  of  aseptic  surgery 
are  not  so  uniformly  or  completely  successful 
as  were  those  of  Lister  and  his  immediate  followers. 

In  1883  Lister  was  made  a  baronet,  in  recog- 
nition of  his  services  to  humanity. 

In  1889  a  meeting  was  held  in  London,  in  the 
Mansion  House,  to  discuss  the  provision  in  England 
for  the  treatment  of  hydrophobia.  Institutes 
for  this  treatment  existed  in  most  European 
countries,  thanks  to  Pasteur's  work,  but,  as  usual, 
we  were  behind  the  times.  However,  we  were 
better  off  than  Continental  countries  in  that  we 
were  an  island,  and  therefore  it  was  easier  to 
stamp  out  hydrophobia  by  strict  muzzling  and 
quarantine  regulations  than  it  was  abroad.  It 
was  resolved  to  raise  a  fund  for  a  donation  to  the 
Pasteur  Institute  in  Paris  and  to  pay  the  expenses 
of  sending  thither  hydrophobia  patients.  The 
consequence  was  that  £2,000  was  sent  to  the 
Pasteur  Institute.  Also  the  Government  was 
asked  to  bring  in  a  Bill  for  the  muzzling  of  all 
dogs  in  the  British  Isles  and  a  quarantine  of  all 
imported  dogs. 

The  Committee  then  suggested  that  it  would 
be  a  good  thing  for  England  to  have  an  Institute 
like  those  already  established  abroad  for  investi- 
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gations  of  germ-diseases.  Here,  however,  the 
anti-vivisectionists  stepped  in  and  did  all  they 
could  to  stop  the  Institute  being  started,  on  the 
score  that  experiments  on  animals  would  be 
made  in  it.  However,  in  1891  the  British  Institute 
of  Preventive  Medicine  was  incorporated,  with 
Lister  as  the  first  chairman,  and  began  work 
in  1893,  in  Great  Russell  Street.  This  was  the 
year  in  which  the  treatment  of  diphtheria  by 
antitoxin  was  begun,  and  the  Institute  took  a 
large  part  in  it,  for  it  secured  a  farm  at  Sudbury, 
where  the  antitoxin  was  made.  In  1897  a  new 
building  for  the  Institute  was  erected  in  Chelsea 
Gardens,  and,  this  being  the  centenary  of  Jenner's 
discovery  of  vaccination,  a  National  Memorial 
was  proposed,  and  Lister  suggested  that  it  would 
be  a  good  thing  to  raise  money  for  research  along 
Jenner's  lines,  to  endow  the  Institute  with  this 
money,  and  to  change  its  name  to  the  Jenner 
Institute.  This  was  accordingly  done,  but  it 
caused  trouble  with  a  private  firm  which  called 
itself  the  "  Jenner  Institute  for  Calf  Lymph/ ' 
and  so  in  1903  the  name  was  again  changed  to 
that  of  the  "  Lister  Institute  of  Preventive 
Medicine,"  and  Lister  subsequently  became 
President.  The  present  buildings  in  Chelsea  Gar- 
dens contain  laboratories  for  the  study  of  bac- 
teriology, etc.,  and  numerous  researches  are  carried 
on.  Also  the  staff  analyse  milk  for  the  London 
County  Council  and  examine  blood,  sputa,  etc., 
from  patients  suffering  from  diphtheria,  typhoid, 
tuberculosis,  etc.  These  examinations  are  done 
on  behalf  of  both  private  doctors  and  public 
health  authorities.  Lately  a  good  deal  of  work 
on  food  (e.g.,  on  Vitamines)  has  been  done,  and 
much  on  disease-carriers,  viz.,  people  who  harbour 
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disease-germs  without  being  ill — and  so  are  often 
the  cause  of  epidemics.  The  Institute  now  has  a 
farm  at  Elstree,  where  sera  and  vaccines  are  made 
for  all  sorts  of  diseases. 

This  brings  us  to  the  closing  years  of  Lister's  life. 
When  he  reached  the  age  of  sixty  he  began  to 
take  life  more  easily.  In  1893  Lady  Lister  died, 
and  this  altered  the  whole  course  of  his  life.  They 
had  no  children  and  she  had  been  his  daily  com- 
panion for  thirty-seven  years,  entering  into  his 
work,  looking  after  his  health,  and  sharing  both 
his  anxieties  and  his  triumphs,  and  with  her  death 
he  lost  heart  for  fresh  work  and  for  social  life. 
Scientific  honours  were  now  heaped  on  him,  and 
in  1897  he  was  raised  to  the  peerage  ;  but  he  made 
only  two  important  speeches  in  the  House,  one 
on  the  question  of  Venereal  Disease  and  one  on  the 
Vaccination  Bill.  In  1898  he  received  the  freedom 
of  Edinburgh.  Gradually,  however,  he  retired 
more  and  more  into  private  life,  and  in  1903  he 
had  a  serious  illness  from  which  he  never  really 
recovered,  though  he  lived  eight  years  longer, 
dying  in  1912,  at  the  age  of  85.  He  was  buried 
in  the  same  grave  as  his  wife,  at  West  Hampstead 
Cemetery,  and  a  Memorial  Service  was  held  in 
Westminster  Abbey,  where,  in  the  North  transept, 
may  be  seen  the  marble  medallion  of  his  head. 
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HARLES  DARWIN  was  the  son  of  Dr. 


Robert  Darwin,  of  Shrewsbury,  and  was 


born  there  in  1809.  Dr.  Darwin  was  the 
son  of  Erasmus  Darwin  (1731-1802),  also  a  doctor, 
and  in  addition  a  poet  and  naturalist — whose 
observations  led  him  to  the  theory  that  plants  and 
animals  had,  in  the  course  of  ages,  become  changed, 
and  his  explanation  was  that  the  needs  of  the  living 
thing  stimulate  its  exertions  and  these  exertions 
result  in  improvements  which  are  inherited  by  the 
offspring,  and  increased  by  their  similar  exertions  ; 
i.e.,  Charles  Darwin's  grandfather  was  a  convinced 
Evolutionist,  though  his  explanation  of  evolution 
is  not  that  given  by  his  grandson,  nor  that  believed 
to-day. 

Charles  Darwin's  mother  was  Susannah,  daughter 
of  Josiah  Wedgwood,  the  maker  of  the  well-known 
Wedgwood  china.  Thus  Darwin  came,  on  both 
sides,  of  very  capable  stock  and  was  hereditarily 
well-endowed  mentally.  The  father,  Robert  Dar- 
win, was  hardly  famous,  but  was  remarkable  for 
keen  observation  and  insight  into  character,  and 
Charles  Darwin  always  showed  very  strong  affection 
and  respect  for  him,  frequently  speaking  of  him  and 
of  his  wisdom.  Dr.  Darwin  had  six  children  : — 
four  girls  and  two  boys,  of  whom  Charles  was  the 
younger  son,  the  elder,  Erasmus,  dying  at  twenty- 
seven.  The  mother  died  when  Charles  was  eight 
years  old  and  so  did  not  consciously  influence  the 
son  as  much  as  did  the  father. 
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Charles  was  sent  to  school  in  Shrewsbury  at 
eight  j'ears  old,  and  he  says  that  at  that  age  his 
taste  for  collecting  and  Natural  History  was  well 
developed,  e.g.,  he  tried  to  find  out  the  names  of 
plants  and  collected  all  sorts  of  things,  such  as 
shells,  minerals,  coins,  seals,  eggs,  etc.  He  says 
of  himself  that  he  was  humane  as  a  boy,  thanks  to 
his  sister's  teaching,  but  doubts  if  humanity  is  a 
natural  or  innate  quality  ;  e.g.,  he  never  took  more 
than  one  egg  from  a  nest,  and  only  collected  insects 
found  dead.  He  had  a  passionate  love  of  dogs,  and 
dogs  returned  the  compliment  in  the  curious  way 
in  which  animals  seem  to  respond  instinctively  to 
affection.  He  also  loved  long  solitary  walks.  He 
thought  school  life  was  of  very  little  use  in  develop- 
ing his  mind,  because  nothing  but  classics  and  a 
little  ancient  history  and  geography  were  taught — 
but  he  worked  conscientiously,  though  he  got  no 
pleasure  from  his  work.  He  was  considered  a  very 
ordinary  boy  at  school,  rather  below  than  above 
the  average.  However,  some  things  which  he  was 
taught  out  of  school  he  revelled  in,  e.g.,  Euclid, 
and  the  poetry  of  Shakespeare,  Thomson,  Byron, 
and  Scott,  and  he  says  how  he  regrets  that  later 
in  life  he  lost  the  capacity  to  enjoy  poetry.  And 
from  the  time  when,  as  a  boy  of  thirteen,  he  went 
on  a  riding  tour  on  the  borders  of  Wales,  he  enjoyed 
lovely  scenery — and  this  love  remained  with  him 
longer  than  any  other  capacity  for  enjoying  art. 
He  continued  his  collecting  of  Natural  History 
specimens  out  of  school  and  was  roused  to  an  interest 
in  birds  by  reading  Gilbert  White's  "  Natural 
History  of  Selborne."  He  and  his  brother  made 
a  chemical  laboratory  in  the  tool-house,  and,  this 
getting  known  at  school,  he  got  the  nick-name  of 
"  Gas "  and  was  publicly  rebuked  by  the  head 
master,  Dr  Butler,  for  wasting  time. 
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At  sixteen  he  left  school  and  went  to  Edinburgh 
University  for  two  years,  to  study  medicine,  but 
says  that  the  discovery  that  his  father  would  pro- 
bably leave  him  enough  to  live  on  checked  any 
strenuous  effort  to  learn.  He  found  the  lectures 
intolerably  dull,  but  says  that  in  any  case  reading 
is  far  preferable  to  lectures.  He  hated  seeing 
operations ;  in  fact,  he  saw  only  the  beginning  of 
two,  for  he  rushed  out  before  the  end,  and  what 
he  saw  haunted  him  for  years,  probably  because 
chloroform  was  then  unknown.  However,  he 
made  friends  at  Edinburgh  with  several  other  men 
interested  in  Natural  History,  and  used  to  collect 
marine  animals  and  try  to  dissect  them,  though  he 
had  only  a  wretchedly  poor  microscope.  In  his 
second  year  he  attended  lectures  on  geology,  which 
also  seem  to  have  been  very  dull  and  made  him 
decide  to  give  this  science  a  wide  berth.  This, 
consideiing  his  future  interest  in  Geology  and 
friendship  with  famous  geologists,  like  Sir  Charles 
Lyell,  is  rather  interesting. 

After  two  years  in  Edinburgh  Dr.  Darwin  saw 
that  his  son  was  not  likely  to  do  any  good  at  doctor- 
ing and  therefore  proposed  that  he  should  be  a 
clergyman,  and  Charles  was  sent  to  Cambridge  for 
three  years  (1828-31)  which  he  says  was  as  great 
a  waste  of  time,  as  far  as  any  college-work  went,  as 
were  his  years  at  school  and  in  Edinburgh.  He 
tried  mathematics,  but  was  floored  by  the  first 
steps  in  algebra,  and  he  did  practically  no  classics. 
However,  though  he  did  not  take  botany  as  a 
"  subject,"  he  went  to  Henslow's  lectures  on  it 
and  liked  them  for  their  clearness  and  admirable 
illustrations,  and  he  used  to  go  on  the  botanical 
excursions  which  Henslow  organised,  sometimes 
on  foot,  or  in  coaches  or  barges,  and  he  says  that 
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his  friendship  with  Henslow  influenced  his  whole 
career  more  than  any  other  circumstance.  Hens- 
low  was  a  man  of  very  varied  scientific  interests — 
in  botany,  zoology,  chemistry,  and  geology — and 
his  method  was  to  make  numerous  careful  observa- 
tions and  then  draw  conclusions  from  them,  i.e., 
the  essentially  modern,  heuristic  method.  Darwin 
describes  him  as  no  genius,  but  possessed  of  excel- 
lent judgment,  a  w ell-balanced  mind  and  a  very 
high  moral  character,  and  he  was  deeply  religious 
and  orthodox. 

Besides  Henslow,  Darwin  made  many  friends,  and 
from  them  learned  to  enjoy  pictures  and  music, 
though  he  had  no  "  ear  "  and  could  not  even  hum  a 
tune,  so  that  he  says  it  was  a  mystery  how  he  got 
any  pleasure  from  music.  He  lost  the  capacity 
in  later  years,  along  with  that  for  enjoying  poetry. 
He  says  "  Up  to  the  age  of  thirty,  or  beyond  it, 
poetry  of  many  kinds,  such  as  the  works  of  Milton, 
Gray,  Byron,  Wordsworth,  Coleridge  and  Shelley 
gave  me  great  pleasure,  and  even  as  a  schoolboy 
I  took  intense  delight  in  Shakespeare,  especially 
in  the  historical  plays.  I  have  also  said  that 
formerly  pictures  gave  me  considerable,  and  music 
very  great  delight.  But  now  for  many  years  I 
cannot  endure  to  read  a  line  of  poetry.  I  have  tried 
lately  to  read  Shakespeare,  and  found  it  so  intoler- 
ably dull  that  it  nauseated  me.  I  have  also  almost 
lost  my  taste  for  pictures  or  music.  Music  generally 
sets  me  thinking  too  energetically  on  what  I  have 
been  at  work  on,  instead  of  giving  me  pleasure.  I 
retain  some  taste  for  fine  scenery,  but  it  does  not 
cause  me  the  exquisite  delight  which  it  formerly 
did.  On  the  other  hand,  novels,  which  are  works 
of  the  imagination,  though  not  of  a  very  high  order, 
have  been  for  years  a  wonderful  relief  and  pleasure 
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to  me,  and  I  often  bless  all  novelists.  A  surprising 
number  have  been  read  aloud  to  me,  and  I  like  all  if 
moderately  good,  and  if  they  do  not  end  unhappily 
— against  which  a  law  ought  to  be  passed.  A  novel, 
according  to  my  taste,  does  not  come  into  the  first 
class  unless  it  contains  some  person  whom  one  can 
thoroughly  love,  and  if  a  pretty  woman  all  the 
better. 

"  This  curious  and  lamentable  loss  of  the  higher 
aesthetic  tastes  is  all  the  odder,  as  books  on  history, 
biographies,  and  travels  (independently  of  any 
scientific  facts  which  they  may  contain)  and  essays 
on  all  sorts  of  subjects  interest  me  as  much  as  ever 
they  did.  My  mind  seems  to  have  become  a  kind 
of  machine  for  grinding  general  laws  out  of  large 
collections  of  facts.  ...  A  man  with  a  mind 
more  highly  organised  or  better  constituted  than 
mine  would  not,  I  suppose,  have  thus  suffered  ; 
and  if  I  had  to  five  my  life  again,  I  would  have  made 
a  rule  to  read  some  poetry  and  listen  to  some  music 
at  least  once  every  week  ;  for  perhaps  the  parts  of 
my  brain  now  atrophied  would  thus  have  been 
kept  active  through  use.  The  loss  of  these  tastes  is 
a  loss  of  happiness,  and  may  possibly  be  injurious 
to  the  intellect,  and  more  probably  to  the  moral 
character,  by  enfeebling  the  emotional  part  of  our 
nature."  (P.  50,  Life  of  Charles  Darwin,  by  F. 
Darwin.) 

The  occupation  which  he  really  pursued  with 
devotion  at  Cambridge  was  the  collection  of  beetles, 
and  also  he  read  certain  books,  like  Humboldt's 
Personal  Narrative,  which  stirred  in  him  a  burning 
zeal  to  add  something,  however  small,  "  to  the 
noble  structure  of  Natural  Science." 

After  taking  his  degree  he  stayed  for  two  more 
terms  at  Cambridge  and  began  the  study  of  geology, 
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and  on  returning  home  he  began  to  examine  sections 
and  went  to  North  W ales  on  a  scientific  expedition 
with  Professor  Sedgwick,  the  famous  geologist.  This 
tour,  he  says,  was  of  decided  use  in  teaching  him 
how  to  make  out  the  geology  of  a  country. 

On  returning  from  this  tour  he  found  a  letter  from 
Henslow  saying  that  Captain  Fitz-Roy  was  going 
on  a  voyage  to  survey  the  South  coast  of  Tierra- 
del-Fuego  and  then  to  visit  the  South  Sea  Islands 
and  to  return  by  the  Indian  Archipelago.  The 
object  of  the  voyage  was  to  combine  scientific 
observations  with  the  survey,  and  hence  a  natur- 
alist was  wanted,  and  Henslow  had  recommended 
Darwin  for  the  post.  The  naturalist's  duties  were 
to  collect,  observe  and  note  anything  worth  while 
from  the  point  of  view  of  Natural  History,  and 
Darwin  was  anxious  to  get  the  post,  but  his  father 
objected,  saying  that  it  would  unsettle  him  and 
make  him  unwilling  to  settle  down  as  a  clergyman. 
However,  the  Wedgwoods  came  to  the  rescue  and 
succeeded  in  overcoming  Dr.  Darwin's  objections, 
and  the  voyage  of  the  Beagle  was  probably  the  most 
important  event  in  Darwin's  life.  He  says  that 
to  it  he  owed  "  the  first  real  training  or  education  " 
of  his  mind,  and  lays  special  stress  on  the  value  of 
his  study  of  the  geology  of  the  places  visited  for 
developing  not  only  observation  but  reasoning 
power.  He  took  with  him  on  the  voyage  Ly ell's 
Principles  of  Geology.  Now  Lyell  was  a  revo- 
lutionary in  matters  geological,  for  he  believed  that 
the  present-day  form  and  structure  of  the  earth's 
crust  could  be  explained  as  due  to  the  action, 
through  millions  of  years,  of  the  operations  of 
Nature  still  in  progress  on  the  earth's  surface,  and 
that  we  can  discover  the  earth's  history  by  observa- 
tion of  the  changes  continually  taking  place  to-day. 


CHARLES  DARWIN 


47 


All  other  geologists  believed  that  the  form  of  the 
earth's  crust  was  due  to  successive  cataclysms,  i.e., 
terrific  and  overwhelming  upheavals  and  destruc- 
tions of  the  crust,  such  as  are  unknown  in  histori- 
cal times.  Compare  theories  of  origin  of  river- 
gorges,  for  example.  The  old  school  believed  that 
a  river-gorge  was  caused  by  the  tearing  apart  of 
the  rocks,  between  which  the  river  ran,  by  earth- 
quake shocks — whereas  Lyell  believed  that  the 
gorge  was  slowly  carved  out  by  the  vertical  erosive 
action  of  the  river  itself.  Lyell  undoubtedly  pre- 
pared men's  minds  for  belief  in  Darwin's  views  on 
the  origin  of  species.  Darwin  himself  was  very  soon 
convinced  by  his  observations  on  the  geology  of  St. 
Jago,  an  island  off  the  West  coast  of  Africa,  that 
Lyell's  views  were  correct.  Thence  he  proceeded 
to  study  the  geology  of  South  America.  At  the 
same  time  he  made  large  collections  of  plants  and 
animals  which  he  sent  home  to  England. 

The  voyage  began  on  September  17th,  1831,  and 
lasted  five  years,  and  throughout  it  Darwin  suffered 
badly  from  sea-sickness,  and  some  people  thought 
that  this  accounted  for  his  ill-health  in  later  years, 
though  he  did  not  believe  so  himself.  In  spite  of 
the  sea-sickness,  however,  one  of  his  companions 
on  the  voyage  says  that  he  was  never  out  of  temper, 
and  never  said  one  unkind  or  hasty  word  to  anyone. 

The  voyage  ended  in  1836  and  Darwin  settled  in 
London,  and  now  began  the  permanent  ill-health, 
which  lasted  for  the  rest  of  his  life  and  forced  him 
in  a  few  years  to  leave  London  and  live  a  very  quiet 
life  in  the  country.  He  suffered  from  chronic 
stomach  trouble,  and  this  prevented  him  from 
ever  working  for  more  than  a  short  time  each  day 
■ — and  sometimes  he  was  entirely  unable  to  work. 
Yet,  with  indomitable  courage,  he  continued  his 
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careful,  patient,  exact  observations,  and  the  total 
amount  of  his  life-v/ork  is  enormous. 

Three  years  after  his  return  he  married  his 
cousin,  Emma  Wedgwood,  daughter  of  Josiah 
Wedgwood,  the  uncle  to  whom  he  was  so  devoted, 
and  grand-daughter  of  the  founder  of  the  Etruria 
Pottery  Works,  and  his  first  child  was  born  in  1839, 
the  child  of  whom  he  wrote  to  a  friend  in  1840, 
"  He  (the  baby)  is  so  charming  that  I  cannot  pretend 
to  any  modesty.  I  defy  anybody  to  flatter  us  on 
our  baby,  for  I  defy  anyone  to  say  anything  in  its 
praise  of  which  we  are  not  fully  conscious.  .  .  . 
I  had  not  the  smallest  conception  that  there  was  so 
much  in  a  five-month  baby." 

After  six  years  in  London,  the  family  moved  to  a 
little  village  called  Downe,  in  Kent,  ten  miles  from 
the  nearest  station,  which  was  Croydon.  Here  he 
went  on  working  at  a  book  on  the  Geology  of  the 
Voyage  of  the  Beagle,  which  was  published  in  two 
volumes  in  1842.  The  first  of  these,  which  dealt 
with  Coral  Reefs,  has  become  a  classic,  though 
Darwin's  opinion  of  the  way  in  which  coral  reefs  are 
formed  is  not  the  only  one.  Much  discussion  on  their 
origin  had  taken  place,  but  till  Darwin's  work 
appeared  no  reasonable  theory  had  been  put 
forward. 

During  the  voyage  of  the  Beagle  Darwin  had  had 
excellent  chances  of  studying  the  various  coral- 
formations  of  the  Pacific,  of  which  there  are  three 
main  types  : — 

I.    Fringing  Reefs. 
II.    Barrier  Reefs. 

III.    Atolls,  or  Coral-islands. 

Coral  consists  of  the  skeletons  of  a  marine  animal 
and  forms  reefs  often  hundreds  of  miles  long,  e.g., 
the  Great  Barrier  Reef  that  fronts  the  North  East 
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coast  of  Australia  is  1,250  miles  long  and  from 
10  to  90  miles  broad.  The  coral  can  live  only  in 
warm  water  and  at  a  depth  of  100  feet  to  120  feet. 
The  surface  of  the  reef  is  broken  up  by  the  waves 
and  becomes  covered  with  a  scanty  soil  on  which 
a  scanty  vegetation  arises. 

A  fringing  reef  skirts  the  shore  a  little  distance 
out  to  sea,  and  encloses  a  shallow  lagoon  between 
it  and  the  land. 

A  barrier  reef  is  further  out  to  sea  and  the  lagoon 
is  therefore  wider. 

An  atoll  is  a  ring  of  coral  enclosing  a  circular 
lagoon. 

^^s^^  Fringing  reef 


Barrier  reeF 


Dia6rams  illustrating  Darwin's  Theory  of  the  formation  of 
Coral  reefs  (a),  (b)  and  islands  (c). 
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Darwin's  theory  was  that,  if  the  earth's  crust  is 
stationary  and  the  sea  shallow,  the  reef  grows 
outwards.  If  the  sea-floor  sinks  slowly,  the 
corals  keep  pace  with  the  lowering,  raising  the 
reef  always  to  high-water  mark.  Hence,  beginning 
as  a  fringing  reef  with  a  high  seaward  edge  where 
the  strongest  corals  live,  it  becomes  a  bairier 
reef,  and,  as  depression  continues  till  the  land 
wholly  disappears,  we  get  a  coral-ring  or  atoll. 

The  rival  theory  is  that  of  Dr.  Murray,  the 
geologist  to  the  famous  Challenger  Expedition. 
He  pointed  out  that  coral-reefs  need  not  imply 
subsidence,  for  the  Pacific  reefs  are  usually  formed 
round  volcanic  islands.  He  suggested  that  the 
wide  lagoon  inside  the  barrier  reef  might  be  formed 
by  solution  of  the  coral  by  the  water  charged  with 
carbon  dioxide  inside,  and  that  atolls  might 
have  arisen  on  land  submerged  before  the  corals 
began  to  build,  such  as  submarine  volcanoes  and 
shoals.  The  best  example  of  the  formation  of 
new  land  thus  is  the  South  part  of  the  peninsula 
of  Florida,  where  between  12,000  and  15,000 
square  miles  have  been  reclaimed  from  the  sea 
in  recent  geological  times.  Here,  coral  reefs 
are  first  formed  on  submarine  platforms,  and 
these  reefs  gradually  join  up.  Then  the  lagoon 
between  them  and  the  land  silts  up  and  so  dis- 
appears, and  thus  the  reef  is  joined  to  the  main- 
land.* Probably  both  Darwin's  and  Murray's 
explanations  are  correct  for  different  cases. 

The  only  other  important  geological  work  done 
by  Darwin  was  embodied  in  his  book  on  Earth- 
worms. This  was  published  in  1881,  nearly  forty 
years  later,  but  he  had  been  interested  in  the  work 
of  worms  for  many  years  before  that  date.  Thus 
in  1838  he  showed  that  fragments  such  as  cinders, 
*  See  Lapworth's  "  Geology,"  pp.  40-43. 
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etc.,  strewed  over  a  meadow,  were  found  after  a 
few  years  some  inches  below  the  turf,  and  the 
explanation  of  his  is  the  central  fact  in  this  book. 
It  was  suggested  by  his  uncle,  Josiah  Wedgwood, 
who  propounded  the  idea  that  worms,  by  bringing 
earth  to  the  surface  in  castings,  undermined  objects 
lying  on  the  surface,  and  caused  them  to  sink. 
One  reviewer  wrote,  "  In  the  eyes  of  most  men 
.  .  .  the  earthworm  is  a  mere  blind,  dumb,  sense- 
less and  unpleasantly  slimy  annelid.  Mr.  Darwin 
undertakes  to  rehabilitate  his  character,  and  the 
earthworm  steps  forth  at  once  as  an  intelligent 
and  beneficent  personage,  a  worker  of  vast  geo- 
logical changes,  a  planer-down  of  mountain  sides 
...  a  friend  of  man  .  .  .  and  an  ally  of  the 
Society  for  the  preservation  of  ancient  monuments." 

In  1846  Darwin  turned  his  attention  to  his 
notes  on  and  specimens  of  animal  life,  collected 
during  the  voyage  of  the  Beagle  and  ever  since 
his  return  to  England.  Whilst  in  South  America 
he  had  been  much  struck  by  finding  great  fossil 
animals  with  armour  like  that  on  the  existing 
armadillos,  also  by  the  way  in  which,  as  he  travelled 
southwards  over  the  continent,  he  found  that 
closely  allied  animals  replaced  one  another,  and 
thirdly,  by  the  character  of  the  animals  of  the 
Galapagos  archipelago.  The  Galapagos  islands 
lie  in  the  Pacific,  about  six  hundred  miles  off 
the  West  coast  of  South  America,  and  Darwin 
found  that  each  island  had  its  own  characteristic 
population  of  animals,  differing  slightly  from  that 
of  any  other  island,  and  from  that  of  the  continent 
of  South  America.  He  meditated  over  the  ex- 
planation of  these  differences  in  the  species,  and 
came  to  the  conclusion  that  they  all  sprang  from 
one  ancestral  species  which  had  gradually  become 
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modified,  i.e.,  the  probability  of  Evolution  was 
borne  in  on  his  mind.  Here  one  must  remember 
that  Darwin  did  not  originate  the  idea  of  Evolution. 
His  own  grandfather,  Erasmus  Darwin,  had  be- 
lieved in  it,  and  so  had  Burton,  Lamarck,  Chambers, 
and  many  others.  The  original  part  of  Darwin's 
work  was  his  explanation  of  how  Evolution  was 
brought  about. 

The  pre-Darwinian  naturalists  had  believed 
that  variations  in  plants  and  animals  were  caused 
either  directly  or  indirectly  by  changes  in  the 
environment,  e.g.,  in  climate  or  food-supply. 
Thus  Lamarck  argued  that  changes  in  the  en- 
vironment produce  changes  in  the  habits  of 
animals  because  they  have  new  wants  to  satisfy. 
This  means  that  new  bodily  structures  must  be  de- 
veloped, or  the  old  ones  must  be  used  in  fresh  ways, 
e.g.,  an  animal  which  has  to  reach  high  for  its 
food  will  develop  a  long  neck  through  constant 
stretching,  as  in  the  giraffe,  and  this  modification 
will  be  handed  on  to  the  offspring,  so  that  each 
generation  will  have  longer  necks  than  the  pre- 
ceding one.  Nowadays,  this  explanation  is  not 
accepted  because  there  is  no  proof  that  characters 
acquired  in  the  life-time  of  the  parents  are  inherited 
by  the  children — on  the  other  hand  to-day  we 
all  accept  the  fact  of  Evolution,  whereas  in  Darwin's 
day,  in  spite  of  the  pioneer's  work,  the  greater 
part  of  scientific  opinion  was  against  Evolution 
and  in  favour  of  "  Special  Creation,"  i.e.,  the 
belief  that  every  species  had  been  separately 
created  in  its  present  form  and  was  fixed  and 
unchangeable.  There  were  a  few  exceptions,  not- 
ably Sir  Charles  Lyell,  the  geologist,  and  Herbert 
Spencer,  the  philosopher,  who  sided  with  Darwin. 

Darwin  now  turned  his  mind  to  the  question 
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of  the  cause  of  the  changes  and  differences  notice- 
able in  plants  and  animals,  those  differences  which 
often  so  beautifully  fit  their  owners  to  live  in  the 
particular  surroundings  and  conditions  of  life 
in  which  we  find  them,  and  which  we  call  "  adapta- 
tions to  environment/'  For  instance,  the  leaf 
of  the  plant  growing  under  dry  conditions  tends 
to  be  small,  thick  and  fleshy  in  order  to  store  and 
prevent  loss  of  water,  whilst  the  submerged  leaf 
of  the  water-plant  is  cut  up  into  hair-like  segments 
which  refuse  to  give  the  current  much  grip  and 
so  save  the  plant  from  being  uprooted.  He  came 
to  the  conclusion  that  the  raw  materials  of  Evolu- 
tion were  the  very  small  variations  and  peculiar- 
ities which  constantly  occur  amongst  members 
of  any  family,  and  which  differentiate  brother 
from  brother,  child  from  parent,  and  so  on.  These 
he  believed  were  chiefly  inborn,  though  a  slight 
influence  might  be  due  to  the  direct  action  of  the 
conditions  of  life,  such  as  food  and  climate,  and 
a  rather  stronger  influence  to  habit,  use  and  disuse 
in  strengthening  or  weakening  the  various  organs 
of  the  body.  This  kind  of  minute  variation  is 
often  called  a  fluctuation,  to  distinguish  it  from 
the  larger  differences  which  occur  at  times  and  are 
called  mutations,  e.g.,  the  sudden  appearance  of 
the  copper  beech  tree  in  the  sixteenth  century. 
Darwin  realised  that  it  was  very  difficult  to  explain 
why  variations  appear — and  this  difficulty  is  still 
with  us,  though  partially  solved  by  Mendel — 
but  of  the  fact  of  variation  there  is  no  doubt. 
Further,  Darwin  believed  that  most  variations 
are.passed  on  to  the  children  by  heredity.  But  still 
there  was  no  answer  to  the  question  as  to  why  some 
of  these  variations  persisted  and  increased  and 
became  new  species  and  why  others  disappeared. 
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Feeling  that  the  best  way  to  solve  the  problem 
was  to  collect  all  the  facts  bearing  on  the  variation 
of  plants  and  animals,  both  wild  and  domesticated, 
Darwin  proceeded  to  do  so  by  every  possible 
method,  e.g.,  by  printed  enquiries,  talks  with 
breeders  and  gardeners,  and  wide  reading,  and 
soon  he  saw  that  Selection  was  the  key  to  the 
breeding  of  new  species  of  domestic  animals  and 
cultivated  plants,  i.e.,  that  the  farmer  or  breeder 
who  wants  to  get  a  new  type  of  sheep,  or  cattle, 
or  horse,  selects  from  his  flock  or  herd  the  animal 
which  is  nearest  to  the  desired  type,  and  breeds 
from  this,  and  continues  sometimes  through 
many  generations  to  select  for  breeding  purposes 
only  those  animals  which  show  an  increase  of  the 
desired  characters.  For  some  time,  however, 
Darwin  could  not  see  how  selection  could  be  ap- 
plied to  wild  plants  and  animals.  Then,  in  1838,  he 
read  a  book  by  Malthus  on  "Population"  which 
pointed  out  that  the  size  of  a  population  was 
limited  by  the  available  means  of  support,  e.g., 
food-supply,  and  by  other  "  preventive  checks," 
especially  in  savage  races  ;  in  other  words  that 
there  was  a  straggle  for  existence  amongst  human 
beings.  At  once  Darwin  saw  that  this  applied 
to  all  living  things,  and  it  struck  him  that,  under 
such  a  struggle,  favourable  variations  would  tend 
to  be  preserved  and  unfavourable  ones  to  be 
destroyed,  and,  since  the  parents  hand  on  their 
variations  to  their  children,  the  result  will  be  that 
in  the  course  of  time  we  get  new  species.  His 
theory  of  the  Origin  of  Species  may  be  summed  up 
in  his  own  words  : — "  As  many  more  individuals 
of  each  species  are  born  than  can  possibly  survive, 
and  as,  consequently,  there  is  frequently  recurring  a 
struggle  for  existence,  it  follows  that  any  being, 
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if  it  vary,  however  slightly,  in  any  manner  profitable 
to  itself,  under  the  complex  and  sometimes  varying 
conditions  of  life,  will  have  a  better  chance  of 
surviving,  and  thus  be  naturally  selected.  From 
the  strong  principle  of  inheritance  any  selected 
variety  will  tend  to  propagate  its  new  and  modified 
form." 

Under  the  term,  "  struggle  for  existence," 
Darwin  included  such  things  as  the  fight  for  food, 
air  and  light  which  goes  on  amongst  seedlings 
growing  crowded  together,  the  fight  between 
animals  and  their  natural  enemies,  e.g.,  rabbit  v. 
weasel,  the  fight  with  disease  germs  which  most 
living  things  have  to  endure,  and  so  on. 

As  we  said  just  now,  the  originality  of  Darwin's 
work  lay  in  this  idea  of  Natural  Selection  or  Survival 
of  the  Fittest,  as  the  sieve  acting  on  variations  to 
preserve  some  and  destroy  others. 

At  this  point  Darwin  showed  his  characteristic 
conscientiousness,  for  he  decided  not  to  write 
anything  about  his  new  theory  till  he  had  collected 
more  facts  in  support  of  it.  In  1856  Lyell  advised 
him  to  write  out  his  views,  and  he  began  to  do  so, 
but  two  years  later,  in  1858,  he  was  greatly  taken 
aback  at  receiving  a  letter  from  Mr.  Alfred  Russell 
Wallace,  who  was  then  in  the  Malay  Archipelago, 
enclosing  an  essay  "  On  the  Tendency  of  Varieties 
to  depart  indefinitely  from  the  Original  Type,"  and 
this  essay  contained  exactly  the  same  theory  as 
his  own.  In  the  covering  letter  Wallace  asked  him, 
if  he  approved  of  it,  to  forward  the  essay  to  Lyell 
to  read.  This  DarwTin  did — realising  that  he  had 
been  forestalled  as  a  result  of  his  long  delay  in 
publishing  his  work,  and  he  was  now  torn  by  doubts 
as  to  what  he  could  honourably  do  in  the  matter  of 
publishing  his  own  work.  Finally,  a  joint  paper 
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by  Darwin  and  Wallace  was  read  to  the  Linnaean 
Society  on  July  ist,  1858.  The  interest  roused  was 
intense,  but  there  was  no  discussion  at  the  meeting 
because,  as  one  member  said,  "  the  subject  was  too 
novel  and  too  ominous  for  the  old  school  to  enter 
the  lists  before  armouring.  After  the  meeting  it 
was  talked  over  with  bated  breath."  Darwin 
wrote  in  his  autobiography  :  "  Our  joint  produc- 
tions excited  very  little  attention,  and  the  only 
published  notice  of  them  which  I  can  remember  was 
by  Professor  Houghton  of  Dublin,  whose  verdict 
was  that  all  that  was  new  in  them  was  false,  and 
what  was  true  was  old.  This  shows  how  necessary 
it  is  that  any  new  view  should  be  explained  at 
considerable  length  in  order  to  arouse  public 
attention." 

Wallace  throughout  acted  with  admirable  gener- 
osity, being  most  anxious  to  keep  his  own  work 
in  the  background  so  that  Darwin  should  have 
all  the  credit.  Subsequently,  he  published  a 
fascinating  book  on  his  own  work  in  the  tropics 
and  called  it  Darwinism. 

In  1859,  true  to  his  opinion  that  a  new  view 
should  be  explained  at  length,  Darwin  published  the 
best  known  of  all  his  books,  The  Origin  of  Species, 
which  from  the  first  sold  enormously,  has  been 
translated  into  almost  every  European  language, 
and  roused  storms  of  opposition,  ridicule  and  mis- 
representation, both  from  the  scientific  and  the 
religious  worlds.  This  was  because  it  forced  people 
to  give  up  their  old  belief  that  the  different  species 
of  plants  and  animals  had  all  been  separately 
created,  and  this  was  supposed  to  contradict  the 
account  of  Creation  given  in  the  book  of  Genesis. 
Now  that  careful  study  of  the  Bible  has  shown  that 
the  beautiful  creation  story  is  an  allegory  full  of 
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spiritual  truth,  but  not  a  literal  scientific  statement, 
we  no  longer  feel  any  opposition  between  Evolution 
and  Religion,  and  find  it  hard  to  understand  the 
bitterness  of  controversy  roused  by  The  Origin  of 
Species. 

The  theory  has  been  modified  since  Darwin's 
day  ;  thus  we  now  believe  that  the  raw  materials 
of  evolution  are  not  the  tiny  fluctuations  which 
occur  constantly  in  all  living  things  so  much  as  the 
larger  changes,  or  mutations,  which  occur  less 
often,  though  they  are  much  more  frequent  than 
was  once  supposed.  This  gets  rid  of  one  of  the  chief 
difficulties  about  Darwin's  theory,  viz.  : — That  a 
very  small  variation  is  likely  to  be  of  so  little  use 
that  it  would  not  be  preserved  by  Natural  Se- 
lection. 

Another  difficulty  about  the  original  theory  was 
that  variations  would  be  likely  to  disappear  as  the 
result  of  their  owners  mating  with  individuals  not 
having  the  variation  in  question — but  Mendelism 
has  removed  this  difficulty  by  showing  that  many 
variations  do  not  blend  as  the  result  of  marriage 
but  are  handed  on  intact  to  a  certain  proportion  of 
the  descendants  of  the  marriage. 

Darwin's  later  books  include  the  Fertilisation  of 
Orchids  (1862),  in  which  he  shows  how  perfect  are 
the  arrangements  for  ensuring  cross-pollination  in 
orchids,  and  attributes  this  to  Natural  Selection. 
Climbing  Plants  (1875).  Variation  of  Animals 
and  Plants  under  Domestication  (1868),  in  which  he 
gives  the  theory  of  heredity  which  he  calls  Pan- 
genesis. The  essence  of  this  theory  is  that  the 
reproductive  cells  of  any  living  thing  contain 
"  gemmules,"  or  particles,  from  every  cell  of  the 
body,  and  that  these  gemmules  give  rise,  when  they 
germinate,  to  cells  like  those  from  which  they  were 
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derived,  and  so  the  characters  of  one  generation  are 
transmitted  to  the  next.  This  idea  had  no  direct 
evidence  to  support  it  and  was  difficult  to  accept 
because  the  gemmules,  if  they  are  all  to  be  packed 
into  a  germ-cell,  would  have  to  be  almost  incon- 
ceivably small.  Hence  it  never  gained  wide 
support,  but  it  was  important  because  it  stimulated 
other  workers  to  attack  the  problem  of  heredity. 

The  best-known  of  the  later  theories  of  heredity 
is  Weissmann's  theory  of  the  continuity  of  germ- 
plasm,  which  means  that  "  the  germ-cell  of  one 
generation  gives  rise  not  only  to  the  body  of  the 
next,  but  also  directly  to  its  germ-cells,  so  that  the 
body  does  not  produce  germ-cells,  but  only  contains 
them."*  Hence,  no  change  which  does  not  affect 
the  germ-cells  can  be  inherited,  and  it  follows  that 
changes  produced  in  the  individual  by  the  action  of 
the  environment  or  by  use  or  disuse  of  organs  will 
not  be  inherited  as  such,  i.e.,  "  acquired  characters  " 
are  not  inherited.  Here,  however,  a  word  of 
warning  is  useful ;  it  is  quite  likely  that  environ- 
ment can  affect  the  germ-cells,  though  how  they  will 
be  affected  is  not  known.  For  instance,  lack  of 
food  or  the  presence  of  large  amounts  of  alcohol 
in  the  mother's  blood  may  influence  her  germ-cells 
— but  it  is  a  proved  fact  that  very  many  changes 
produced  in  the  parent  by  environment  are  without 
any  influence  on  the  germ-cells.  This  modern 
theory  of  heredity  obviously  has  social  implications 
of  considerable  importance,  e.g.,  for  the  reformer 
who  hopes  to  regenerate  Society  simply  by  improv- 
ing man's  environment.  Environment,  though 
always  important,  is  only  one  of  the  two  factors 
shaping  the  individual ;  and  it  is  the  lesser  of  the 
two  when  it  comes  to  the  shaping  of  the  children 

♦"Heredity,"  by  Doncaster,  p.  119. 
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of  that  individual.  For  the  race,  Nature  is  always 
more  important  than  Nurture. 

Let  us  now  return  to  Darwin's  work.  In  1871 
he  published  the  Descent  of  Alan,  expressing  his 
belief  that  man  was  no  exception  to  the  general 
law  that  species  were  alterable,  i.e.,  that  he  was 
descended  from  an  animal  ancestor  which  also  gave 
rise  to  the  anthropoid  apes  (i.e.,  the  higher  monkeys, 
like  the  chimpanzee  and  the  gibbon).  This  book 
roused  no  opposition,  which  shows  how  much  public 
opinion  had  been  influenced  by  the  Origin  of  Species 
in  the  twelve  years  since  its  publication. 

In  1878  there  appeared  Insectivorous  Plants,  and 
in  1881  The  Effects  of  Cross  and  Self  Fertilisation, 
which  described  the  wonderful  arrangements  for 
carrying  pollen  from  one  plant  to  another  and  the 
comparative  weakness  of  seeds  formed  by  self- 
fertilisation. 

In  1880  Darwin  and  his  son,  Francis,  published 
the  Power  of  Movement  in  Plants,  which  was  a 
development  of  the  ideas  put  forward  in  his  earlier 
book,  Climbing  Plants. 

I  shall  end  this  outline  of  Darwin's  life  and 
work  with  some  extracts  from  his  autobiography 
which  shed  much  illumination  on  his  mind  and 
character. 

"  On  the  whole  I  do  not  doubt  that  my  works 
have  been  over  and  over  again  greatly  over-praised. 
.  .  .  Whenever  I  have  found  out  that  I  have 
blundered,  or  that  my  work  has  been  imperfect,  and 
when  I  have  been  contemptuously  criticised,  and 
even  when  I  have  been  over-praised,  so  that  I  have 
felt  mortified,  it  has  been  my  greatest  comfort  to 
say  hundreds  of  times  to  myself  that  '  I  have 
worked  as  hard  and  as  well  as  I  could,  and  no  man 
can  do  more  than  this.'  " 
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After  giving  a  list  of  his  books  he  says,  "  I  have 
as  much  difficulty  as  ever  in  expressing  myself 
clearly  and  concisely ;  and  this  difficulty  has 
caused  me  a  very  great  loss  of  time  ;  but  it  has 
had  the  compensating  advantage  of  forcing  me  to 
think  long  and  intently  about  every  sentence,  and 
thus  I  have  been  led  to  see  errors  in  reasoning 
in  my  own  observations  or  those  of  others.  There 
seems  to  be  a  sort  of  fatality  in  my  mind  leading 
me  to  put  at  first  my  statement  or  proposition  in  a 
wrong  or  awkward  form."  Surely  an  encouraging 
admission  to  those  who  are  not  gifted  with  natural 
clarity  of  style — and  a  crushing  reply  to  those  who 
argue  that  style  in  science  can  be  ignored.  That 
need  of  clearness  and  honesty  of  speech  is  felt  by  all 
true  scientists  and  is  one  of  the  moral  assets  of  a 
scientific  training. 

Speaking  of  his  own  mental  equipment,  Darwin 
says,  "  I  have  no  great  quickness  of  apprehension 
or  wit  which  is  so  remarkable  in  some  clever  men, 
for  instance,  Huxley.  I  am  therefore  a  poor  critic 
— a  paper  or  book,  when  once  read,  generally 
excites  my  admiration,  and  it  is  only  after  con- 
siderable reflection  that  I  perceive  a  weak  point. 
My  power  to  follow  a  long  and  purely  abstract 
train  of  thought  is  very  limited,  and  therefore  I 
could  never  have  succeeded  with  metaphysics  or 
mathematics.  My  memory  is  extensive,  yet  hazy — 
it  suffices  to  make  me  cautious  .  .  .  and  after  a 
time  I  can  generally  recollect  where  to  search  for 
my  authority. 

"  Some  of  my  critics  have  said  '  Oh  !  he  is  a  good 
observer,  but  he  has  no  power  of  reasoning  !  '  I 
do  not  think  that  this  can  be  true,  for  the  Origin  of 
Species  is  one  long  argument  from  the  beginning 
to  the  end,  and  it  has  convinced  not  a  few  able  men. 
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No  one  could  have  written  it  without  having  some 
power  of  reasoning.  .  .  . 

"  Therefore,  my  success  as  a  man  of  Science, 
whatever  this  may  have  amounted  to,  has  been 
determined,  as  far  as  I  can  judge,  by  complex  and 
diversified  mental  qualities  and  conditions.  Of 
these,  the  most  important  have  been — the  love  of 
Science — unbounded  patience  in  long  reflecting 
over  any  subject — industry  in  observing  and 
collecting  facts — and  a  fair  share  of  invention  as 
well  as  of  common  sense.  With  such  moderate 
abilities  as  I  possess,  it  is  truly  surprising  that  I 
should  have  influenced  to  a  considerable  extent  the 
belief  of  scientific  men  on  some  important  points." 

When  one  reflects  that  Darwin  created  a  new 
epoch  in  Biology,  and  that  all  modern  Science-of- 
life  practically  dates  from  the  publication  of  the 
Origin  of  Species,  these  quotations  make  very  vivid 
the  humility  and  honesty  which  characterised  him. 

He  died  in  1882,  at  the  age  of  seventy-three,  and 
his  body  is  buried  in  Westminster  Abbey,  in  the 
North  aisle  of  the  nave. 
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WALLACE  will  always  hold  a  unique  place 
amongst  scientists  for  two  outstanding 
reasons  :  he  evolved,  independently  of 
but  at  the  same  time  as  Darwin,  the  Theory  of 
Natural  Selection  to  explain  how  new  species  of 
plants  and  animals  come  into  being — and  this  was  a 
scientific  achievement  of  the  first  rank — and  then, 
with  a  generosity  and  absence  of  egotism  even  rarer 
than  his  intellectual  gifts,  he  not  only  agreed  to  a 
joint  publication  of  their  results  (his  own  paper  was 
sent  to  England  for  publication  before  Darwin  was 
ready  with  the  Origin  of  Species),  but  calmly  saw 
the  lion's  share  of  credit  given  to  Darwin  and 
remained  a  friend  and  admirer  instead  of  a  rival. 
It  is  this  double  claim  on  our  admiration  which 
makes  him  worthy,  above  most  men,  of  our  remem- 
brance, and  a  source  of  inspiration  when  we  are 
ourselves  in  danger  of  falling  victims  to  the  small- 
nesses  which  do  so  easily  beset  us.  So  let  us  try 
to  get  a  picture  of  the  man  and  his  work  into  the 
gallery  of  our  minds. 

Wallace  was  born  in  1823,  fourteen  years  after 
Darwin.  His  father  was  a  lawyer,  but  the  family 
history  does  not  show  the  intellectual  distinction 
which  is  obvious  in  that  of  Darwin.  It  is  said  that, 
rather,  the  family  lacked  natural  energy  and  that 
probably  it  was  only  the  grip  of  a  great  interest  in 
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life  which  enabled  Wallace  to  pour  into  his  work 
the  physical  and  mental  force  which  it  needed.  If 
so,  it  is  a  striking  testimonial  to  the  value  to  the 
world  of  enthusiasms,  definite  aim  in  life,  keenness, 
interest — whichever  term  you  prefer.  The  family 
lived  at  Usk  in  Monmouthshire  till  Wallace  was  six 
years  old  and  then  moved  to  Hertford,  where  he 
was  sent  to  the  Grammar  School.  Those  were  the 
days  of  "  hardness  "  in  education — at  least  physi- 
cally— for  school  began  at  7  a.m.  and  artificial  light 
was  obtained  by  each  boy  bringing  his  own  candle. 
Like  Darwin,  Wallace  did  not  love  the  school- work 
and  thought  it  of  very  little  value,  especially 
geography,  which  was  taught  in  the  bad  old  way 
This  is  a  damaging  criticism  of  that  way,  when  we 
remember  his  contributions  to  our  knowledge  of 
geography  and  geology,  and  realise  his  capacity 
for  interest  in  these  subjects,  if  only  they  had  been 
reasonably  well  taught. 

Out  of  school  the  boy  read  enormously,  and  this 
was  easy  because  his  father  was  the  town-librarian. 
His  second  hobby  v/as  carpentry  and  the  making 
of  various  mechanical  models,  a  taste  which  was  of 
great  practical  value  as  a  preparation  for  his  future 
life  in  the  wilds. 

Wallace  was  one  of  a  family  of  nine,  always 
rather  poor,  and  during  the  last  part  of  his  school- 
days he  had  to  take  the  position  of  pupil-teacher 
in  order  to  reduce  his  fees,  and  he  left  school  at 
fourteen  and  at  once  had  to  think  about  earning 
a  living.  We  cannot  therefore  put  down  his 
scientific  work  to  the  credit  of  any  special  educa- 
tional or  hereditary  advantages.  In  these  matters 
Wallace  was  distinctly  worse  equipped  than  was 
Darwin.  After  leaving  school  he  paid  a  short  visit 
to  an  elder  brother  in  London,  where  he  came  into 
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touch  with  Robert  Owen,  the  famous  socialist,  and 
probably  this  planted  the  seeds  of  his  own  extremely 
radical  and  socialistic  views.  Then  he  joined 
another  brother  in  Bedfordshire  and  began  land- 
surveying.  This  work  improved  his  health,  which 
was  never  very  good,  and  was  a  useful  training  in 
observation.  Further,  Wallace  here  developed  a 
new  interest  in  Nature  ;  he  made  a  sun-dial  and 
telescope  and  thus  began  a  life-long  interest  in 
astronomy  ;  he  went  for  long  solitary  rambles  on 
which  he  collected  plants,  and  soon  he  began  a 
dried  collection.  He  tells  of  the  thrill  of  joy  which 
the  discovery  of  a  new  plant  gave  him,  and  it  was 
now,  too,  that  he  first  became  interested  in  Orchids, 
through  reading  of  them  in  gardening  papers  and 
catalogues.  He  speaks  of  their  "  weird  and  mys- 
terious charm  "  which  helped  to  create  a  longing 
in  his  mind  to  visit  the  tropics. 

In  1844  there  was  a  sudden  slump  in  land-survey- 
ing and  Wallace  therefore  had  to  give  it  up  and  turn 
to  teaching  as  a  means  of  livelihood,  and  it  was 
during  this  stage  of  his  career  that  he  became 
interested  in  mesmerism  and  so  took  the  first  step 
towards  his  later  conversion  to  spiritualism.  It 
was  now,  too,  that  he  met  Mr.  W.  H.  Bates,  an 
enthusiast  in  the  study  of  insects.  This  friendship 
led  to  a  plan  for  a  joint  expedition  to  the  Amazon 
in  order  to  collect  speciments  of  plants  and  animals 
and  also  facts  which  might  help  to  solve  the  problem 
of  the  Origin  of  Species.  Expenses  were  to  be  met 
by  the  sale  of  the  specimens  collected  and  sent  home. 

The  two  friends  set  out  in  1848  from  Liverpool 
and  after  a  month's  voyage  reached  Para,  a  town 
at  the  mouth  of  the  Amazon.  Here  they  spent 
some  time  in  exploring  the  islands  at  the  mouth  of 
the  river  and  then  proceeded  to  longer  journeys, 
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spending  altogether  four  years  in  strenuous  collect- 
ing and  observation.  Wallace  returned  to  England 
in  1852.  On  the  voyage  back  the  ship  took  fire 
and  he  had  to  spend  ten  days  in  an  open  boat, 
besides  losing  all  the  specimens  he  was  bringing 
home. 

On  reaching  London  he  settled  down  to  arranging 
the  specimens  which  he  had  sent  home  before  his 
own  return  and  to  writing  an  account  of  his  four 
years  abroad.  This  was  published  in  1853  under 
the  title,  Travels  on  the  Amazon.  In  it  he  describes 
his  disappointment  at  his  first  view  of  the  tropics, 
but  points  out  that  one  needs  time  and  use  of  eyes 
and  brain  before  one  can  really  grasp  the  interest 
of  a  new  country,  and  directly  he  got  out  into  the 
forests  round  the  town  he  found  himself  fascinated 
by  new  plants  and  especially  butterflies,  and  in 
two  months'  time  we  find  him  packing  the  first 
collection  of  insects  to  be  sent  home  to  England. 

Next,  he  went  on  a  canoe- voyage  up  the  Trocan- 
tius,  a  tributary  of  the  Amazon,  and  visited  the 
island  of  Mexiana,  famous  for  its  birds,  of  which 
he  got  seventy  specimens  in  ten  days.  But  Wal- 
lace's interests  always  included  humanity,  and  he 
comments  on  the  negro  and  Indian  inhabitants 
and  their  characteristics  and  customs,  as  well  as 
describing  the  plants,  birds,  insects  and  scenery  of 
the  Amazon.  For  instance,  he  notes  that  the  slaves 
were  often  as  happy  as  children  and  better  off  than 
many  a  free  man,  but  comes  to  the  conclusion  that 
this  does  not  justify  slavery,  and  that  it  is  never 
right  to  keep  grown  men  in  a  state  of  unthinking 
childhood,  because  it  is  only  responsibility  and  self- 
dependence  that  call  out  the  highest  powers  and 
energies.  Man  needs  "  the  struggle  for  existence  " 
if  he  is  to  develop  to  his  best. 
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Now  came  longer  voyages  up  the  Amazon  itself 
and  the  collecting  of  more  specimens,  the  party 
being  kept  in  excellent  health  in  spite  of  the  intense 
heat,  and  this  fortunate  state  of  things  Wallace 
puts  down  to  the  credit  of  constant  exercise,  good 
food,  and  pure  air.  Next,  he  planned  to  go  up  the 
Rio  Negro,  a  tributary  of  the  Amazon,  and  after 
various  delays  owing  to  leaky  canoes,  the  difficulty 
of  getting  Indian  crews,  etc.,  he  reached  its  mouth 
on  the  last  day  of  1849.  Here  he  stopped  till 
August,  in  the  town  of  Barra,  and  then  set  out  with 
a  Portuguese  trader  to  go  up  the  Rio  Negro,  a  com- 
paratively unknown  region,  taking  in  the  canoe 
loads  of  the  articles  popular  amongst  the  half- 
civilised  or  savage  inhabitants  of  the  country.  On 
the  voyage  he  continued  his  observations  of  men 
and  things,  noting  for  instance  the  fine  type  of 
half-breed  produced  by  the  mixture  of  Indian 
and  Saxon  blood,  and  collecting,  drawing,  and 
describing  one  hundred  and  sixty  species  of  fish. 
He  saw  many  others  and  concluded  that  the  Rio 
Negro  probably  contains  five  or  six  hundred,  whilst 
every  other  tributary  of  the  Amazon  has  its  own 
special  species. 

Wallace's  next  voyage  was  up  the  Uaupes,  into 
still  less  known  regions,  which  gave  him  the  chance 
of  seeing  the  Indians  in  a  more  primitive  and  less 
civilised  state  than  any  he  had  yet  encountered, 
and  of  collecting  live  plants  and  animals  as  well  as 
dead  specimens.  He  endured  discomforts  and 
illness  from  dysentery  and  fever  with  the  heroic 
patience  and  self-reliance  which  is  demanded  in  a 
white  man  isolated  amongst  natives  ignorant  of  all 
rational  care  of  the  sick,  but  he  wisely  resolved 
never  again  to  travel  in  such  wilds  without  one 
civilised  companion.    To  illness  were  added  hurri- 
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canes,  cataracts,  mosquitoes,  and  all  the  practical 
difficulties  involved  by  food,  labour  and  transport 
in  a  tropical  country  where  there  are  none  of  the 
conveniences  to  which  we  are  accustomed.  The 
Indian  boatmen  thought  nothing  of  decamping 
without  notice,  so  causing  endless  delays,  and 
Wallace  gives  an  amusing  account  of  his  difficulties . 
in  looking  after  his  menagerie  of  live  parrots, 
monkeys,  etc.  He  was  tremendously  impressed 
with  the  agricultural  possibilities  ot  the  country  and 
with  their  neglect  at  that  time  and  says  that  this 
neglect  was  specially  extraordinary  since  the 
white  inhabitants  were  Portuguese,  a  nation  which 
a  few  hundred  years  ago  were  leaders  in  enterprise, 
discovery  and  commerce.  He  concludes  that  they 
still  have  these  capacities,  but  coupled  with  dislike 
for  agricultural  and  mechanical  work,  which  has 
now  dragged  them  down  from  their  once  high 
estate.  He  notes  also  that  drinking,  gambling,  and 
lying  are  rampant — besides  trickery,  cheating,  and 
debauchery  of  every  description.  Finally,  on  the 
2nd  July,  1852,  he  reached  the  mouth  of  the  Amazon 
once  more,  and  on  the  12th  set  out  on  the  home- 
ward voyage  to  England — that  disastrous  voyage 
on  which  he  experienced  the  horrors  of  fire  at  sea. 
All  the  animals  and  specimens  collected  were  lost, 
though  crew  and  passengers  were  saved  after  drifting 
about  for  ten  days  in  boats.  The  book  ends  with  a 
description  of  the  physical  geography,  geology, 
climate,  vegetation,  zoology,  and  aborigines  of 
the  Amazon  valley.  He  notes  that  the  Indian  in 
the  neighbourhood  of  civilisation  tends  to  degener- 
ate, but  says  that  when  one  meets  him  in  his  truly 
uncivilised  state  he  is  a  fine  creature  both  physically 
and  in  disposition. 

Having  finished  this  first  book,  Wallace  made 
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plans  for  another  foreign  journey,  and,  after  stud\'- 
ing  the  birds  and  insects  at  the  British  Museum, 
decided  that  Singapore  would  be  a  good  place  to 
start  from,  since  the  district  was  both  healthy  and 
mostly  unexplored,  and  in  1854  he  set  out,  reached 
Singapore,  and  finally  decided  on  Ternate  as  head- 
quarters. The  Malay  Archipelago  in  those  days 
was  a  dangerous  and  exciting  region  for  white  men, 
the  seas  were  full  of  pirates,  and  on  land  were 
tribal  feuds,  hardships  and  risks  of  many  kinds — 
but  in  the  midst  of  these  Wallace  spent  eight  more 
or  less  solitary  years,  gathering  during  that  time 
an  enormous  amount  of  information  and  specimens, 
Unfortunately  his  health  was  poor  throughout 
the  whole  time,  and  this  made  work  infinitely 
harder — as  did  his  loneliness.  He  had  no  escort 
or  government  protection  and  so  had  to  rely  on  his 
own  wisdom  and  judgment  in  dealing  with  natives, 
but  his  joy  in  and  enthusiasm  for  his  work  more 
than  counterbalanced  the  drawbacks,  and  the 
results  may  be  read  in  his  books  on  the  Malay 
Archipelago,  Island  Life,  the  Geographical  Dis- 
tribution of  Animals,  etc. 

Perhaps  the  most  interesting  result  was  his 
discovery  that  the  islands  fall  into  two  groups, 
Eastern  and  Western,  the  former  being  Australian 
and  the  latter  Asiatic  as  regards  their  animal 
inhabitants.  The  narrow  belt  of  water  between 
the  two  groups  is  called  "  Wallace's  Line."  Borneo 
and  Bali  are  on  the  West,  Celebes  and  Lombok  on 
the  East  of  the  line. 

As  in  South  America,  so  here  his  human  interests 
were  strong  ;  he  made  friends  with  Rajah  Sir 
James  Brooke  of  Sarawak,  whom  he  greatly 
admired.  He  describes  the  reverence  in  which 
Brooke  was  held  by  the  natives,  some  of  whom  think 
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"  he  is  as  old  as  the  mountains,"  can  bring  the  dead 
to  life,  etc.  As  Wallace  remarks,  "It  is  a  unique 
case  in  the  history  of  the  world  for  a  European 
gentleman  to  rule  over  two  conflicting  races  of  semi- 
savages  with  their  own  consent,  without  any  means 
of  coercion  and  depending  solely  upon  them  for 
protection  and  support,  and  at  the  same  time  to 
introduce  the  benefits  of  civilisation  and  check  all 
crime  and  semi-barbarous  practices."  He  calls 
Brooke  "  a  gentleman  and  a  nobleman  in  the 
noblest  sense  of  both  words." 

Natural  Selection. — Now  let  us  try  to  see  how 
the  idea  of  Natural  Selection  grew  in  Wallace's 
mind.  As  a  young  man  of  twenty-four  we  find 
him  writing  of  "  my  favourite  subject — the  varia- 
tions, arrangements,  distribution,  etc.,  of  species," 
but  not  till  1855,  i.e.,  eight  years  later,  do  we  find 
any  published  work  on  this  subject.  Then  he 
wrote  an  article  called  The  Law  which  has  Regu- 
lated the  Introduction  of  Species,  for  the  Annals  and 
Magazine  of  Natural  History,  one  of  the  chief 
English  scientific  papers.  In  this  he  develops  the 
idea  of  species  of  living  things  being  related  to  one 
another  in  the  same  way  as  are  the  leaves  and  twigs 
and  branches  of  a  tree — branches  springing  from 
the  trunk,  twigs  from  the  branches,  leaves  from  the 
twigs — and  originating  in  succession.  He  points 
out  that  "  to  discover  how  the  extinct  species  have 
from  time  to  time  been  replaced  by  new  ones  down 
to  the  very  latest  Geological  period  is  the  most 
difficult  and  at  the  same  time  the  most  interesting 
problem  in  the  natural  history  of  the  earth." 

As  Mr.  Marchant  says,  in  this  article  we  can  see 
ff  a  great  generalisation  struggling  to  be  born  "  ; 
but  the  only  recognition  of  it  was  a  letter  from 
Darwin,  who  says  he  can  see  that  he  and  Wallace 
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"  have  thought  much  alike."  Wallace  was  ex- 
tremely pleased  at  getting  this  letter,  which  was 
practically  the  beginning  of  the  correspondence 
between  the  two  men.  However,  three  years  later, 
the  great  generalisation  was  born  in  what  at  first 
sight  seems  unlikely  circumstances,  for  Wallace 
was  ill  with  an  attack  of  intermittent  fever  at 
Ternate  when  the  solution  flashed  upon  him,  i.e., 
the  idea  of  Natural  Selection  as  an  explanation  of 
the  way  in  which  new  species  were  preserved  ;  in 
other  words,  he  realised  that  animals  breed  so 
rapidly  that  an  enormous  number  must  die  every 
year  to  keep  down  the  number  to  that  actually 
existing,  and  that  those  animals  would  die  which 
were  less  fitted  for  the  struggle  for  food  and  mates 
and  with  enemies,  climate,  etc.,  whilst  those  which 
were  better  fitted  for  this  struggle  would  survive. 
His  experience  as  a  collector  had  convinced  him  of 
the  occurrence  of  a  large  amount  of  variation  in 
animals — so  here  was  the  raw  material  for  new 
species,  whilst  the  environment  provided  the  sieve 
which  should  filter  the  fit  from  the  unfit.  He  says, 
"  The  more  I  thought  over  it  the  more  I  became 
convinced  that  I  had  at  length  found  the  long-sought 
for  law  of  Nature  that  solved  the  problem  of  the 
Origin  of  Species.  For  the  next  hour  I  thought 
over  the  deficiencies  in  the  theories  of  Lamarck 
and  of  the  author  of  the  Vestiges,  and  I  saw  that 
my  new  theory  supplemented  these  views  and 
obviated  every  important  difficulty.  I  waited 
anxiously  for  the  termination  of  my  fit  so  that  I 
might  at  once  make  notes  for  a  paper  on  the  subject. 
The  same  evening  I  did  this  pretty  fully,  and  on 
the  two  succeeding  evenings  wrote  it  out  carefully 
in  order  to  send  it  to  Darwin  by  the  next  post, 
which  would  leave  in  a  day  or  two." 
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This  letter  reached  Darwin  at  Downe,  on  June 
18th,  1858,  and  it  must  have  come  as  a  thunderbolt 
to  him,  for  it  contained  precisely  his  own  Theory  of 
Natural  Selection,  which  he  had  written  down  in 
1842  but  not  published,  having  spent  the  inter- 
vening years  in  collecting  proofs  and  facts  bearing 
on  the  theory.  These  are  discussed  in  his  book  on 
The  Origin  of  Species.  Writing  to  Sir  Charles 
Lyell  on  the  same  day,  Darwin  says,  "  So  my 
originality  is  smashed,"  and  adds  that  he  will  send 
Wallace's  paper  to  any  journal  its  writer  chooses. 
He  wrote  to  the  famous  botanist,  Sir  Joseph 
Hooker,  saying  much  the  same — but  these  two 
friends  persuaded  him  that  it  would  be  unjust  to 
himself  to  abandon  all  claim  to  the  discovery  of  the 
Theory  of  Natural  Selection,  and  that  a  joint 
publication  in  his  and  Wallace's  names  should  be 
made,  as  a  compromise.  This  plan  Wallace 
promptly  agreed  to,  and  the  joint  paper  was  read 
before  the  Linnsean  Society,  but,  though  great 
interest  was  aroused,  no  discussion  took  place,  for 
"  the  subject  was  too  novel,  too  ominous,  for  the 
old  school  to  enter  the  lists  before  armouring." 

Darwin  was  deeply  touched  by  Wallace's  attitude, 
as  shown  by  a  letter  in  1859,  in  which  he  says, 
"  You  cannot  tell  how  much  I  admire  your  spirit 
in  the  manner  in  which  you  have  taken  all  that 
was  done  about  publishing  our  papers,"  and  from 
this  time  onwards  we  find  the  two  discoverers 
corresponding  up  to  the  year  before  Darwin's 
death,  and  throughout  all  that  time  the  attitude 
of  the  two  men,  who  might  so  easily  have  been 
rivals,  is  that  of  mutual  admiration  and  friendship. 
This  striking  appreciation  of  each  other's  work  was 
well  described  on  the  50th  anniversary  of  the  reading 
of  the  original  joint  paper.    The  event  was  cele- 
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bratedin  1908,  by  the  Linnaean  Society,  at  a  gather- 
ing attended  by  many  distinguished  scientists,  and 
Wallace  was  presented  with  the  first  Darwin- 
Wallace  medal.  The  President,  in  making  the 
presentation,  said  "  There  is  nothing  in  the  history 
of  Science  more  delightful  or  more  noble  than  the 
story  of  the  relations  between  yourself  and  Mr. 
Darwin  .  .  .  the  story  of  a  generous  rivalry  in 
which  each  discoverer  strives  to  exalt  the  claims 
of  the  other.  .  .  .  You,  on  your  side,  always  gave 
credit  to  him  and  under-estimated  your  own 
position  as  the  co-discoverer.  I  need  only  refer 
to  your  calling  your  great  exposition  of  the  joint 
theory,  '  Darwinism/  as  the  typical  example  of 
your  generous  emphasising  of  the  claims  of  your 
illustrious  fellow- worker.  .  . 

In  his  reply  to  this  speech,  Wallace  once  more 
reminded  the  audience  that  the  idea  of  Natural 
Selection  occurred  to  Darwin  nearly  twenty  years 
earlier  than  it  did  to  himself,  and  that  during  the 
whole  of  that  time  Darwin  had  been  laboriously 
collecting  evidence,  both  by  experiments  and  from 
books,  as  shown  in  his  Origin  of  Species.  He  com- 
pared himself  to  the  "  young  man  in  a  hurry  "  and 
Darwin  to  the  painstaking  and  patient  student, 
and  said  that  he  should  consider  it  quite  fair  if  their 
respective  shares  in  elucidating  Nature's  method 
of  development  were  estimated  according  to  the 
time  each  had  spent  on  the  problem  before  publish- 
ing the  results,  viz.,  one  week  to  twenty  years. 

Sir  E.  Ray  Lankester,  speaking  at  the  same 
meeting,  said  "  Throughout  all  their  arduous  work 
and  varied  publications  upon  the  great  doctrine 
which  they  on  that  day  unfolded  to  humanity  .  .  . 
the  same  complete  absence  of  rivalry  characterised 
these  high-minded  Englishmen,  even  when  in  some 
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outcomes  of  their  doctrine  they  were  not  in  perfect 
agreement  ...  I  think  I  am  able  to  say  that, 
great  as  was  the  interest  excited  by  the  new  doctrine 
in  the  scientific  world,  and  wild  and  angry  as  was 
the  opposition  to  it  in  some  quarters,  few,  if  any, 
who  took  part  in  the  scenes  attending  the  birth  and 
earlier  reception  of  Darwin's  Origin  of  Species  had 
a  prevision  of  the  enormous  and  all-important 
influence  which  that  doctrine  was  destined  to 
exercise  upon  every  line  of  human  thought/' 

Charles  Kingsley,  writing  to  Wallace  in  1869, 
says,  "  Let  me,  too,  compliment  you  on  the  modesty 
and  generosity  which  you  have  shown  in  dedicating 
your  book  {The  Malay  Archipelago)  to  Darwin  and 
speaking  of  him  and  his  work  as  you  have  done. 
Would  that  a  like  unselfish  chivalry  were  more 
common — I  do  not  say  amongst  scientific  men,  for 
they  have  it  in  great  abundance,  but — in  the  rest 
of  the  community." 

As  already  said,  Wallace  did  not  always  agree 
with  Darwin,  and  one  of  the  points  on  which  they 
differed  was  the  origin  of  the  mental  and  moral 
qualities  in  man.  Wallace  did  not  believe  that 
these  had  evolved  from  lower  animal  instincts  and 
characteristics,  but  that  they  had  had  another 
origin,  in  the  unseen  universe  of  Spirit,  and  had 
developed  under  the  guidance  of  a  superior  intelli- 
gence. 

In  1886  he  visited  America,  to  give  a  course  of 
lectures  on  Evolution,  and  these  he  published  in 
book-form  on  his  return  in  1889  under  the  title 
Darwinism.  The  book  is  a  fascinating  one — 
perhaps  the  most  so  of  all  Wallace's  writings,  and 
is  well  worth  reading. 

Character  and  Home  Life. — The  picture  of  Wallace 
in  his  own  home,  as  given  by  his  children,  is  singu- 
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larly  attractive.  He  was  very  fond  of  his  home 
and  of  his  garden,  very  independent  in  small 
matters  which  he  could  do  for  himself,  a  great 
walker  and  lover  of  scenery.  In  1876  the  family 
went  to  live  at  Dorking  for  a  year  or  two,  then 
moved  to  Croydon  for  four  years,  then  to  Godalming 
in  1881.  Here  his  next-door  neighbour  wrote  of 
him  :  "  Nothing  disturbed  his  cheerful  confidence 
in  the  future  and  nothing  made  him  happier  than 
some  plan  for  reforming  the  house,  the  garden, 
the  kitchen-boiler  or  the  universe.  And,  truth 
to  say,  he  displayed  great  ingenuity  in  all  these 
enterprises  of  reformation.  .  .  .  With  the  same 
confidence  he  made  up  his  mind  upon  many  a 
disputable  subject ;  but,  be  it  said,  never  without 
a  laborious  examination  of  the  necessary  data  and 
the  acquisition  of  much  knowledge.  .  .  .  His  power 
of  handling  masses  of  details  and  facts,  of  showing 
their  inner  meaning  and  the  principles  underlying 
them,  and  of  making  them  intelligible  was  very 
great.  .  .  .  Another  very  noticeable  characteristic 
of  his  .  .  .  was  his  apparently  unfailing  confidence 
in  the  goodness  of  human  nature."* 

In  addition  to  the  hobby  of  reformation  described 
above,  he  loved  good  novels  and  poetry  and  was 
many-sided  in  his  interests,  which  included  psychical 
research,  spiritualism,  phrenology,  and  social  and 
political  reform.  In  these  last  matters  he  was 
curiously  credulous,  unscientific,  and  unpractical, 
and  one  regrets  that  he  should  have  written  books 
on  them  which  cannot  be  regarded  as  serious 
contributions  to  knowledge. 

In  disposition  he  was  cheerful,  optimistic, 
remarkably  even-tempered  and  patient  with  ignor- 
ant people,  sympathetic,  incurably  young  and 
*  Marchant's  "A.R.  Wallace.    Letters  and  Reminiscences." 
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lacking  in  conceit  in  spite  of  the  many  honours 
conferred  on  him,,  e.g.,  Fellowship  of  the  Royal 
Society  and  the  Order  of  Merit.  His  whole  mind 
loathed  materialism,  and,  as  Mr.  Marchant  says, 
"  Profound  contemplation  of  nature  and  of  the  mind 
of  man  led  Wallace  to  belief  in  God,  to  accept  the 
Divine  origin  of  life  and  consciousness,  and  to 
proclaim  a  hierarchy  of  spiritual  beings  presiding 
over  nature  and  the  affairs  of  nations/' 

Wallace  died  in  1913,  at  the  age  of  90,  in  his 
picturesque  home  at  Broadstone,  near  Wimborne. 
It  was  suggested  that  he  should  be  buried  in 
Westminster  Abbey,  beside  Darwin  ;  but  his  family 
did  not  wish  this,  and  his  grave  lies  in  Broadstone 
cemetery.  In  1915  a  medallion  of  Wallace  was 
placed  in  the  North  aisle  of  Westminster  Abbey, 
next  to  that  of  Darwin. 
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1822-1884 

WHILST  in  England  Darwin  was  working 
out  his  explanations  of  how  plants  and 
animals  handed  on  their  characters  to 
their  offspring  by  "  Pangenesis,"  an  Austrian  monk 
named  Johann  Gregor  Mendel  was  employing  his 
spare  time  in  experiments  on  plant-breeding,  which 
laid  the  foundations  of  our  modern  theory  of 
heredity. 

Mendel  was  born  in  1822,  in  Austrian  Silesia,  and 
was  thus  thirteen  years  younger  than  Darwin.  His 
father  was  a  small  peasant  proprietor  with  a  special 
interest  in  fruit-culture,  and  he  gave  his  son  the 
best  possible  education.  At  the  age  of  twenty-one 
he  was  admitted  as  a  monk  to  the  monastery  of 
Briinn,  in  Bohemia,  with  a  view  to  his  taking  part 
in  the  educational  work  of  the  institution,  and  in 
1 85 1  he  was  sent  to  the  University  of  Vienna  for 
two  years,  to  study  Mathematics,  Physics,  and 
Natural  Sciences.  Then  he  returned  to  Briinn 
and  became  a  teacher,  especially  of  Physics,  in  the 
Realschule.  He  was  a  good  teacher,  as  proved  by 
the  keenness  of  his  pupils,  and  he  continued  in  this 
work  till  he  was  elected  Abbot  in  1868. 

It  was  in  the  garden  of  the  monastery  that  he 
carried  out  his  plant-breeding  experiments.  Those 
oil  peas  lasted  for  eight  years,  and  then,  in  1865, 
he  laid  the  results  before  the  Briinn  Society,  and 
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published  them  in  1866,  but  they  attracted  little 
attention  from  the  scientific  world  and  were  simply 
over-looked  and  forgotten  for  thirty-five  years.  This 
neglect  was  very  likely  due  in  part  to  the  fact  that 
the  interest  and  attention  of  all  scientists  were, 
at  the  time,  absorbed  in  Darwin's  work.  People 
have  often  wondered  what  effect  Mendel's  dis- 
coveries would  have  had  on  Darwin  if  the  latter  had 
ever  heard  of  them.  However,  in  1900,  six  years 
after  Mendel's  death,  three  botanists  in  the  course 
of  their  researches  into  heredity  and  breeding 
re-discovered  his  work  and  grasped  its  importance. 
Curiously  enough,  the  discovery  was  made  inde- 
pendently, but  at  the  same  time,  by  de  Vries  in 
Holland,  Correns  in  Germany,  and  Tschermak  in 
Austria — and  then  at  once  Mendel  leapt  into  fame. 

His  experiments  consisted  chiefly  in  "  crossing  " 
different  varieties  of  peas,  i.e.,  in  fertilising  the  ova 
of  one  variety  with  the  pollen  from  another  variety. 
He  then  planted  the  seeds  which  grew  on  the  cross- 
fertilised  plant  and  observed  how  the  characters 
of  the  parent  plants  showed  (or  did  not  show)  in 
their  children-plants,  as  these  developed.  The 
result  was  that  he  found  that  certain  characters 
of  the  parents  remained  distinct  and  showed  no 
tendency  to  blend  in  the  children,  e.g.,  if  a  tall 
variety  of  pea  were  crossed  with  a  short  variety, 
the  children  were  either  tall  or  short,  but  not 
midway  between  the  parents  in  height  ;  if  a  purple- 
flowered  variety  were  crossed  with  a  white-flowered 
variety,  the  children  were  purple  or  white  but  not  of 
intermediate  tints  ;  and  many  other  pairs  of 
characters  were  found  to  behave  in  the  same  way, 
i.e.,  as  indivisible  units,  and  this  statement  is  known 
as  the  law  of  Segregation  of  Characters.  This  does 
not  mean  that  every  character  of  every  plant  or 
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animal  behaves  as  a  "  unit,"  but  where  they  blend  or 
combine  they  are  probably  not  really  units  at  all 
but  groups  of  two  or  more  characters,  which  we 
have  not  yet  learned  to  distinguish  ;  e.g.,  colours 
often  seem  to  blend  instead  of  remaining  distinct, 
because  each  is  due  to  a  group  of  characters — but 
one  can  tell  what  the  colour  of  the  children  will  be 
from  careful  study  of  the  parent  colours. 

A  few  details  of  Mendel's  experiments  will  help 
to  explain  how  he  reached  his  conclusions.  He 
chose  the  common  or  garden  edible  pea  as  specially 
suitable,  because  it  is  naturally  self -fertilising,  i.e., 
the  seed  is  formed  as  the  result  of  union  between 
the  ovum  and  the  pollen-nucleus  of  the  same 
flowers,  instead  of  by  union  of  ovum  and  pollen- 
nucleus  of  different  flowers.  Most  plants  have 
developed  the  latter  habit  of  fertilisation,  the 
transference  of  pollen  from  the  flower  where  it  is 
formed  to  that  which  it  fertilises  being  brought 
about  by  insects  or  wind.  Now  the  Pea,  being 
an  exception  to  the  general  rule  of  cross-fertilisa- 
tion, was  a  comparatively  simple  plant  on  which 
to  perform  fertilisation  experiments,  because  the 
worker  would  not  have  to  guard  against 
insects  or  wind  cross-fertilising  the  plant  and  so 
upsetting  the  experiment.  Other  advantages  about 
the  Pea,  from  Mendel's  point  of  view,  were  that  it 
is  hardy  and  has  a  good  many  varieties  showing 
definite  differences,  e.g.,  in  height,  colour  of  seeds, 
smooth  or  wrinkled  seeds,  etc.  This  made  it  easy 
to  cross  varieties  of  Pea  showing  sharp  contrasts 
and  to  watch  how  the  next  generation  inherited 
the  characteristics  of  the  parents. 

E.g.  One  series  of  experiments  was  made  by 
crossing  tall  and  dwarf  varieties  of  pea.  The  tall 
variety  is  about  six  feet  high,  whilst  the  dwarf  is 
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not  more  than  two  feet  high.  Mendel  chose  a  true 
breeding  tall  plant  with  young  flowers  whose 
stamens  had  not  yet  opened  to  let  out  their  pollen, 
and  cut  off  the  stamens.  Then  he  scattered  pollen 
from  a  flower  of  a  short  plant  on  the  stigma  of  the 
flower  from  which  he  had  removed  the  stamens. 
The  seeds  which  developed  were  hybrids,  i.e.,  the 
offspring  of  different  varieties,  and  when  ripe  they 
were  sown  and  in  time  grew  into  new  Pea  plants. 
Now  here  we  get  a  very  striking  fact — this  first 
generation  were  all  tall  plants,  i.e.,  though  one 
parent  had  been  short,  the  shortness  seemed  to 
disappear  entirely  in  the  children,  which  all  took 
after  the  tall  parent — and  so  Mendel  called  tallness 
a  dominant  and  shortness  a  recessive  character, 
because  it  disappeared  in  the  first  generation  after 
the  cross.  He  let  the  tall  hybrids  self-fertilise  and 
produce  seeds  naturally  and  collected  and  sowed 
these  seeds,  and  now  again  a  striking  result  occurred, 
for  some  of  the  plants  which  developed  in  this 
second  generation  were  short  and  some  were  tall, 
but  none  were  intermediate,  i.e.,  the  short  plants 
showed  the  characteristics  of  one  grandparent,  the 
"  recessive  "  character  reappearing  after,  as  we  say, 
skipping  a  generation.  Also,  however  many  seeds 
were  planted,  there  was  always  the  same  proportion 
of  tall  and  short  plants,  viz.,  3  :  1. 

Continuing  his  experiments,  Mendel  let  the  second 
generation  self-fertilise  and  collected  the  seed  of 
each  plant  separately  and  next  year  sowed  it 
separately  and  so  got  a  third  generation  of  plants, 
and  it  was  this  patient,  careful  dealing  with  each 
plant  separately  that,  as  Professor  Punnett  points 
out,  showed  Mendel  the  new  truth  which  made 
him  the  founder  of  the  modern  science  of  heredity. 
He  found  that  the  seeds  of  the  short  peas  all  "  bred 
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true,"  i.e.,  grew  into  short  plants,  whilst  one-third 
of  the  seeds  of  the  tall  peas  "  bred  true,"  i.e.,  gave 
tall  plants,  and  two-thirds  gave  a  mixture  of  tall 
and  short  plants,  in  proportion  3:1.  Altogether 
Mendel  tested,  in  the  way  that  has  just  been 
described,  seven  different  pairs  of  contrasting 
characters  in  peas,  and  in  each  case  found  that  they 
were  handed  on  from  parent  to  child  in  exactly 
the  same  way  as  were  tallness  and  shortness.  The 
whole  result  can  be  shown  clearly  in  tabular  form, 
thus : — 

Let  TT  =  a  tall  plant  which  breeds  true,  i.e., 
comes  of  a  stock  which  always  pro- 
duces tails. 

Let  tt    =  a  short  plant  (all  shorts  breed  true). 

Let  Tt  —  a  tall  plant  whose  seeds  give  three 
tails  to  one  short. 

The  symbol  x  indicates  that  two  plants  are  crossed. 

F1,  F2,  F3,  =  the  first,  second,  and  third  genera- 
tions resulting  from  the  cross. 

TT  x  tt 


I  i  I 

TT       2Tt         1 1 

I    I 

1  rrn  i 

TT  TT  2Tt   tt  tt 

Having  arrived  at  this  practical  result,  Mendel  went 
on  to  think  out  an  explanation.  He  concluded 
that  the  differences  in  the  plants  must  be  due  to 


F1 
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differences  in  the  two  reproductive  or  germ  cells 
from  which  each  had  originated.  A  germ  cell 
contained  the  factor  for  tallness  or  the  factor  for 
shortness,  but  never  both.  Thus  he  supposed  that 
the  tall  plants  of  the  original  cross  produced  germs 
containing  the  tall  factor,  whilst  the  short  plants 
produced  germs  containing  the  short  factor.  Hence 
the  hybrid  produced  by  crossing  contained  both 
factors,  though,  owing  to  tallness  tending  to 
conceal  (or  dominate)  shortness,  the  hybrid  was, 
in  appearance,  tall.  However,  when  its  sex-cells 
formed  they  could  not  contain  both  factors,  and  so 
half  contained  shortness  and  half  contained  tallness, 
i.e.,  half  the  ovules  contained  shortness  and  half 
tallness,  and  the  same  was  true  for  the  pollen-grains. 
Hence  when  this  pollen  fertilised  the  ovules  there 
were  various  possible  combinations  of  the  two 
factors,  and  the  easiest  way  to  grasp  this  is  to 
imagine  four  typical  ovules,  two  bearing  tallness 
and  two  shortness.    On  an  average  : — 

i  tall  ovule  will  unite  with  i  tall  pollen  grain  giving  TT. 
i  >,  »  ,*  i  short  „  ,,  Tt. 
i  short      „  ,,  I    ,,  „       „  tt. 

I    „         „  „  I  tall  „       „  tT. 

Hence  our  final  result  is  four  seeds  having  the 
constitution  TT,  tt,  2Tt,  and,  since  tallness,  if 
present,  always  shows,  we  shall  have  three  tall  and 
one  short  plant  developing  from  these  four  seeds. 
This  is  what  actually  happens  in  the  second  hybrid 
generation,  F2.  The  short  plant  must  breed  true, 
i.e.,  have  nothing  but  short  children,  because 
it  only  contains  short  factors,  but  the  tall  plants 
will  only  breed  true  in  the  case  of  those  which  have 
only  the  tall  factor  (TT),  i.e.,  in  one  out  of  three. 
The  other  two  tails  are  of  mixed  constitution  (Tt) 
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and  their  children  will  be  tall  and  short  in  pro- 
portion, 3:1.  This,  again,  is  what  is  actually 
found  to  happen  in  the  third  hybrid  generation 
(F3),  and  the  agreement  of  the  experimentally- 
observed  results  with  the  theoretical  result  in  a 
strong  argument  for  the  truth  of  the  theory. 

Research  has  proved  that  many  characters  in 
plants  and  animals,  including  man,  obey  Menders 
law,  i.e.,  are  inherited,  or  not,  as  indivisible  units 
or  wholes.  Amongst  these  are  many  colour- 
characters  in  animals,  horned  and  hornless  con- 
dition in  sheep  and  cattle,  presence  or  absence  of 
brown  colour  in  the  human  eye,  and  presence  or 
absence  of  certain  human  diseases,  e.g.,  (1)  brachy- 
dactyly,  a  deformity  in  which  the  body  is  stunted 
and  the  fingers  and  toes  seem  to  have  only  two 
instead  of  three  joints  apiece,  (2)  the  disease  known 
as  night-blindness,  in  which  the  eye-retina  is  not 
sensitive  to  weak  light,  so  that  the  victims  are 
blind  in  the  dusk  or  in  moonlight,  (3)  presenile 
cataract,  etc. 

Another  interesting  point  is  that  certain  charac- 
ters are  only  found  in  one  sex,  and  also  it  may 
depend  on  sex  as  to  whether  a  character  is  dominant 
or  recessive.  For  instance,  nearly  all  tortoise-shell 
cats  are  female  ;  nearly  all  colour-blind  people  are 
men,  but  a  man  hands  on  the  defect  only  to  his 
daughters,  in  whom  it  is  recessive  and  therefore 
does  not  show,  but  they  may  hand  it  on  to  their 
sons,  i.e.,  it  may  show  again  in  the  grandsons  of 
the  original  colour-blind  man.  Another  disease 
which  is  inherited  thus  is  haemophilia,  i.e.,  the 
tendency  to  bleed  easily.  It  will  be  remembered 
that  the  late  Czarevitch  suffered  from  this  com- 
plaint. 

This  very  short  sketch  of  Mendel's  work  is  enough, 
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I  hope,  to  give  some  idea  of  the  light  which  it  shed 
on  the  problem  of  heredity  and  of  the  make-up  of 
the  individual.  It  has  taught  us  to  see  each  living 
man,  woman,  lower  animal,  and  plant  as  built  up, 
both  physically  and  mentally,  of  definite  ingredi- 
ents or  characters  contributed  by  the  two  parents. 
And  these  characters  can  neither  be  created  nor 
destroyed  by  the  conditions  or  environment  of  life, 
though  they  will  flourish  in  favourable  conditions 
and  be  stunted  by  bad  surroundings,  but  in  either 
case  they  will  be  handed  on  in  the  germ-cells  of  the 
individual  under  consideration  to  his  or  her  children, 
according  to  the  Mendelian  scheme.  In  fertilisa- 
tion, with  its  many  possible  permutations  and 
combinations  of  factors  derived  from  the  two 
parents,  we  get  the  origin  of  new  individuals  with 
as  many  possibilities  of  variation.  If  a  new  varia- 
tion be  harmful  to  its  owner,  Natural  Selection  (if 
allowed  to  act)  will  crush  it  out.  If  on  the  other 
hand  the  new  variation  be  useful,  Natural  Selection 
will  preserve  it.  Some  scientists  are  content  to 
ascribe  all  variations  to  the  effect  of  crossing  two 
individuals,  but  others  feel  that  this  is  not  enough 
to  explain  all  variation — especially  the  production 
of  distinctively  new  characters,  e.g.,  Professor  J.  A. 
Thomson  points  out  that  deeply  saturating  environ- 
mental influences  may  produce  variations  in  the 
germ  cells,  and  that  there  may  also  occur  periodic 
re-organisation  of  the  material  of  the  nucleus  which 
gives  an  opportunity  for  the  origin  of  new  varia- 
tions. For  a  fuller  discussion  see  Professoi  Thom- 
son's The  System  of  Animate  Nature — a  most 
fascinating  and  refreshing  book.  We  can,  at  least, 
say  that  Mendel  has  shown  us  that  if  only  we  can 
isolate  and  distinguish  the  many  characters  which 
go  to  make  up  a  living  thing,  and  find  out  how  those 


84  SIX  GREAT  SCIENTISTS 


characters  affect  one  another,  we  shall  be  a  long 
way  on  the  road  to  the  solution  of  the  problems  of 
heredity.  The  only  way  of  doing  this  is  by  ex- 
perimental breeding,  i.e.,  by  mating  individuals 
with  outwardly  definite  characters  and  observing 
what  the  offspring  of  the  union  inherit — and  this  is 
a  long,  slow  process  needing  much  patience.  It 
was  just  this  steady  power  of  patience  and  careful 
analysis  rather  than  brilliant  genius  which  Mendel 
possessed. 

Practical  Results. — Already  very  valuable  practi- 
cal results  have  sprung  fiom  Mendelism.  Thus 
Agriculture  has  benefited  greatly  from  the  careful 
study  of  the  characters  of  different  varieties  of  wheat 
which  have  been  carried  out  at  Cambridge  under 
Professor  Biffen.  It  has  been  possible  thus  to 
breed  a  variety  of  wheat  which  combines  the  good 
points  of  English  and  foreign  varieties  whilst 
eliminating  the  bad  points  of  both.  The  good 
point  of  the  old  English  varieties  was  the  heavy 
crops  they  gave  ;  their  bad  points  were  liability 
to  be  attacked  by  fungus  and  refusal  to  bake  well 
owing  to  lack  of  proteid  (gluten).  Conversely,  the 
foreign  wheats  rise  well  when  baked,  because  they 
contain  more  gluten,  but  they  give  comparatively 
poor  crops.  However,  by  growing  many  varieties 
and  observing  the  effect  of  crossing  them,  a  variety 
has  been  created  which  is  not  attacked  by  fungus, 
has  a  high  percentage  of  gluten,  and  gives  a  heavy 
crop.  This  clearly  means  a  very  practical  gain  to 
the  farmer  and  to  the  prosperity  of  the  country. 

Other  cereals,  such  as  oats  and  barley,  also  root 
crops  and  pasture  grasses,  have  been  dealt  with 
and  improved,  and  it  now  remains  to  make  all 
farmers  realise  that  breed  pays  in  seeds  as  much  as 
it  does  in  animals.    A  step  in  this  direction  was 
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taken  in  1920,  by  the  passing  of  the  Seeds  Act, 
which  states  that,  with  few  exceptions,  the  sale  of 
all  farm  seeds  must  be  accompanied  by  a  declaration 
of  purity,  germination,  and  genuineness  based  upon 
an  official  test.  This  policy  of  testing  seeds  and  of 
improving  breeds  has  been  adopted  for  over  twenty 
years  by  the  well-known  firm  of  Messrs.  Gartons, 
Ltd.,  Warrington,  Lancashire,  and  the  heads  of  the 
firm  are  closely  associated  with  the  National 
Institution  of  Agricultural  Botany  at  Cambridge. 
I  would  suggest  that  anyone  who  is  interested  in 
this  fascinating  side  of  Botany  should,  if  he  or  she 
get  the  chance,  visit  Messrs.  Gartons  and  learn 
something  of  their  work  at  first  hand. 

Last,  because  not  least,  Mendelisrn  holds  out 
hopes  of  discovering  facts  about  human  heredity 
which  will  enable  us  to  safeguard  society,  if  we 
choose,  from  some  at  least  of  the  numerous  ills 
which  at  present  beset  it. 

Mendel's  scientific  work  practically  ceased  when 
he  became  Abbot  of  his  monastery,  probably  in  part 
because  he  became  involved  in  quarrels  with  the 
government  and  in  racial  controversy,  and  his 
health  failed.    He  died  in  1884. 
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SIR  FRANCIS  GALTON 
1822-1911 

BORN  in  1822,  and  so  contemporary  with 
Darwin,  Wallace,  Pasteur,  Lister,  and 
Mendel,  Francis  Galton  holds  his  own 
amongst  the  intellectual  giants  of  his  time.  He  is 
chiefly  famous  for  his  work  on  human  heredity,  but 
his  genius  was  no  narrow  one,  and  he  did  pioneer 
work  also  in  meteorology,  discovering  for  instance 
the  system  of  atmospheric  pressure  and  wind  which 
we  call  the  Anticyclone,  and  doing  much  work 
at  the  Meteorological  Office  in  connection  with 
equipping  observatories  with  new  instruments  and 
methods  of  issuing  weather  charts  to  sea-ports,  etc. 

Galton  came  of  a  Birmingham  family  of  Quakers, 
and  a  little  study  of  its  history  shows  how  good  an 
example  it  is  of  the  handing  on  of  ability  from 
ancestors  to  descendants.  Samuel  Galton,  the 
grandfather  of  Francis,  was  a  successful  business 
man,  but  with  this  he  combined  keen  interest  in 
science,  belonging  to  a  Scientific  Society  which, 
though  small  in  numbers,  included  such  famous 
men  as  Priestley,  Dr.  Erasmus  Darwin,  Watt,  etc. 
The  grandfather  on  the  maternal  side  was  Dr. 
Erasmus  Darwin,  the  intellectually  brilliant  and 
many-sided  physician  whose  grandson,  Charles 
Darwin,  may  be  said  to  have  originated  all  modern 
biology,  through  his  work  on  the  Origin  of  Species. 
Thus  Francis  Galton  and  Charles  Darwin  were 
cousins.  Francis  Galton's  father  was  a  banker, 
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but  he  also  had  a  scientific  turn  of  mind,  being 
interested  in  astronomy  and  in  wind  and  weather 
instruments  and  records.  Further,  he  was  a 
devotee  of  Shakespeare  and  of  other  writers  too. 
He  married  Violetta  Darwin,  who  lived  to  be  91, 
and  her  children,  too,  lived  to  remarkable  ages. 
Their  son  acknowledges  "  the  debt  to  my  pro- 
genitors of  a  considerable  taste  for  Science,  for 
poetry  and  for  statistics,  also — a  rather  unusual 
power  of  enduring  physical  fatigue  without  harmful 
results." 

There  were  seven  children,  of  whom  Francis  was 
the  youngest.  At  eight  years  old  he  was  sent  to 
school  at  Boulogne  in  order  specially  to  learn 
French,  but  the  school  was  run  on  wretched  lines 
and  all  that  Galton  learned  there  he  describes  as  a 
detested  and  limited  patois,  and  after  two  years  he 
came  back  to  live  with  his  parents  at  Leamington, 
and  went  to  a  small  private  school  at  Kenilworth 
for  three  years,  where  he  was  as  happy  under  a  man 
who  understood  and  sympathised  with  boys  as 
he  had  been  unhappy  in  France.  At  fourteen  he 
was  sent  to  King  Edward's  School  in  Birmingham, 
but  the  type  of  education  given  in  the  school  did 
not  suit  him,  and  he  learned  very  little.  He 
wanted  to  read  good  English  literature  and  to  study 
mathematics  and  science,  instead  of  which  he  got 
"  Grammar  and  the  dry  rudiments  of  Latin  and 
Greek  " — which  he  hated. 

At  sixteen  he  left  school  and  his  parents  decided 
that  he  should  be  a  doctor,  so  he  was  entered  as  a 
medical  student  of  Birmingham  General  Hospital. 
This  was  long  before  the  discoveries  of  Pasteur  and 
Lister  and  of  chloroform  had  revolutionised  sur- 
gery, and  this  boy  of  sixteen  had  to  accompany 
the  surgeons  at  all  operations  and  post  mortems, 
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and  help  dress  wounds  in  the  casualty  rooms  at  any 
hour  of  the  day  or  night.  The  dreadful  pain 
suffered  by  a  patient  operated  on  without  anaes- 
thetics made  an  operation  a  nightmare — a  very 
different  thing  to  what  it  is  to-day,  and  Galton 
conceived  the  idea  of  making  patients  dead  drunk 
before  operating,  as  the  result  of  seeing  a  drunken 
drayman  have  both  legs  amputated  without  suffer- 
ing any  pain.  The  idea  was  not  put  into  practice — 
but  it  is  interesting  as  a  foreshadowing  of  the  use 
of  anaesthetics  which  was  to  come.  So  too  was 
his  decision  to  test  the  effects  of  all  medicines  in  the 
pharmacopoeia  by  taking  doses  of  them,  in  alpha- 
betical order.  This,  he  says,  "  was  an  interesting 
experience  but  had  obvious  drawbacks,"  and  he 
did  not  get  beyond  C,  owing  to  the  strong  effects 
of  croton  oil. 

There  followed  a  year  at  King's  College,  London, 
which,  he  says,  was  mind-opening,  and  led  him  to 
the  conclusion  "  that  doctors  had  the  fault,  equally 
with  parsons,  of  being  much  too  positive,"  and  that 
"  There  is  still  much  lack  of  exact  knowledge  of 
what  Nature  can  do  without  assistance  from  medi- 
cine and  aided  only  by  cheering  influences,  rest, 
suggestion  and  good  nursing."  This,  again,  is  very 
up-to-date,  in  its  foreshadowing  of  modern  views 
on  the  effect  of  mind  on  body. 

In  1840  Galton  was  seized  with  the  desire  to 
travel,  and  for  six  months  wandered  through 
Germany,  Austria,  Turkey,  and  Greece — an  ex- 
perience which  strengthened  his  love  of  travel  and 
widened  his  views  of  men  and  of  civilisation.  On 
his  return  he  entered  Trinity  College,  Cambridge, 
where  he  was  struck  both  by  the  thoroughness  of 
the  work  being  done  and  by  its  narrowness,  though 
he  exonerates  modern  Cambridge  from  the  latter 
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charge.  Here  he  specialised  in  mathematics,  and 
met  and  made  friends  of  many  men  who  later 
became  famous.  In  his  third  year  his  health  broke 
down,  the  result  of  too  much,  too  irregular,  and  too 
varied  work,  and  he  had  to  miss  a  term.  On  his 
return  he  gave  up  reading  for  mathematical 
honours  and  reverted  to  medicine.  However,  his 
father's  death  in  1844  made  him  independent  as 
regards  money,  and  he  gave  up  his  medical  work, 
though  he  says  that  he  felt  most  grateful  for  the 
greater  insight  into  Nature  which  it  had  given  him. 

He  was  now  free  to  travel,  and  went  to  Egypt  and 
the  Soudan,  where,  after  wandering  up  the  Nile,  he 
reached  "  that  then  sink  of  iniquity,  Khartum," 
where  resided  a  group  of  villainous  European  slave- 
dealers,  whose  acquaintance  Galton  made,  with 
the  comment  that  "  the  experience  was  acceptable, 
for  one  wants  to  know  the  very  worst  of  everything 
as  well  as  the  very  best."  Returning  via  Syria  and 
Palestine,  he  settled  for  a  time  at  Leamington, 
living  from  1846-50  the  life  of  the  ordinary  English 
country  gentleman,  shooting,  hunting — but  also 
reading  a  good  deal,  and  doing  one  bit  of  scientific 
work  in  connection  with  telegraphy,  which  was 
then  a  new  discovery. 

This  kind  of  life,  however,  soon  ended,  for  the 
call  of  the  wild  again  came  to  him,  a  call  stronger 
in  those  daj^s  than  now,  for  great  areas  of  the  world 
were  still  unexplored  mysteries,  represented  only  by 
blanks  on  the  map.  Thus  the  interiors  of  Africa, 
Australia,  and  Central  Asia  were  largely  unknown 
ground,  and  so  were  the  Polar  regions.  Galton  was 
filled  with  the  desire  to  explore,  and  a  cousin  sug- 
gested that  he  should  consult  the  Royal  Geogra- 
phical Society  as  to  the  regions  where  exploration 
would  be  most  valuable.    The  Society  gave  him 
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careful  advice  and  introductions  to  various  useful 
people,  and  he  left  England  in  1850  for  South  Africa 
On  arrival  at  Cape  Town  he  had  to  alter  his  plans, 
owing  to  difficulties  with  the  Boers  and  the  Govern- 
ment, so  he  sailed  up  the  coast  to  Walfish  Bay  and 
then  struck  inland  towards  Lake  Ngami,  a  journey 
full  of  difficulties,  through  a  country  occupied  by 
three  different  races,  viz.,  Yellow  Hottentots, 
Bantus,  and  negroes,  as  well  as  by  smaller  tribes  of 
Bushmen,  etc.  After  leaving  the  low  coastal  belt, 
the  route  lay  over  a  dry  sandy  plateau,  6,000  ft. 
above  sea-level,  where  thorn-bushes  were  a  serious 
obstacle  and  water  had  to  be  dug  for  almost  daily. 
The  caravan  consisted  of  ten  Europeans  and  about 
eighteen  natives,  with  two  wagons,  ninety-four 
oxen,  cows  and  calves,  and  twenty-four  sheep.  The 
party  relied  for  food  on  the  cattle  and  occasional 
game.  They  travelled  right  across  Damaraland 
and  beyond  it,  and  soon  they  saw  something  of  the 
atrocities  of  savage  life — savage  tribal  warfare, 
murders,  the  killing  of  the  sick  by  their  relations, 
and  mutilation  for  small  offences  were  rife,  and 
there  were  signs  of  ill-will  to  themselves.  As 
Galton  says,  he  did  not  realise  the  strain  of  anxiety 
under  which  he  lived  till  he  returned  to  Walfish 
Bay  in  December,  1851,  after  travelling  over  2,000 
miles.  In  recognition  of  the  work  done  on  this 
journey,  the  Geographical  Society,  in  1854, 
awarded  him  one  of  their  two  annual  Gold  Medals, 
and  this  gave  him  an  established  position  in  the 
scientific  world.  In  1856  he  was  elected  a  Fellow 
of  the  Royal  Society — so  winning  the  blue  ribbon 
of  the  scientist. 

On  his  return  to  England  he  married,  in  1853, 
Miss  Butler,  daughter  of  the  Dean  of  Peterborough, 
whose  family  was  remarkably  gifted  intellectually. 
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All  the  four  sons  were  distinguished  scholars  and 
their  children  showed  exceptional  ability.  As 
Galton  says,  the  Butler  family  well  deserve  study 
as  an  instance  of  hereditary  gifts,  and  then  he 
speaks  of  "  the  far  greater  importance  of  being 
married  into  a  family  that  is  good  in  character,  in 
health,  and  in  ability,  than  into  one  that  is  either 
very  wealthy  or  very  noble,  but  lacks  these  primary 
qualifications.  .  .  .  Moreover,  the  interests  of  the 
unborn  should  be  taken  far  more  seriously  into 
account  than  they  now  are.  Enough  is  already 
known  of  the  laws  of  heredity  to  make  it  certain 
that  the  marriage  of  one  class  of  persons  will  lead 
on  the  whole  to  good  results,  and  that  of  another 
class  to  evil  ones,  however  doubtful  the  result  may 
be  in  particular  cases." 

Galton's  next  work  was  to  write  a  small  book 
called  the  Art  of  Travel,  intended  to  help  explorers 
in  their  journeys,  and,  when  the  Ciimean  War 
began,  the  ignorance  of  the  soldiers  in  matters 
of  camp-life  spurred  him  to  offer  to  give  lectures 
at  Alder  shot  on  this  subject. 

Galton  was  now  made  a  member  of  the  Managing 
Committee  of  Kew  Observatory,  which  had  a  great 
reputation  for  the  exactness  of  its  observations 
and  for  the  standardisation  of  the  instruments  of 
all  other  magnetic  observatories,  both  at  home  and 
abroad,  as  well  as  of  thermometers  and  other 
meteorological  instruments.  Here  Galton  took  up 
the  standardisation  of  sextants  and  other  angular 
instruments,  which  at  that  time  were  very  un- 
satisfactory in  construction,  and  he  succeeded  in 
getting  the  cheaper  sextants  much  improved.  He 
also  invented  an  apparatus  for  quick  and  accurate 
testing  of  thermometers  which  proved  of  con- 
siderable monetary  value  to  the  Observatory. 
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Becoming  interested  in  weather  observations,  he 
collected  data  from  many  observatories,  light- 
houses, and  ships,  and  so,  in  1862,  discovered  the 
Anticyclone,  now  so  familiar  to  us  in  our  school 
geographies  as  the  exact  opposite  of  the  cyclone. 
The  anticyclone  is  a  system  of  winds  constituted 
by  a  down-rush  of  ah  which  then  flows  outwards 
from  its  centre  in  a  spiral,  clockwise  in  the  Northern 
Hemisphere.  This  state  of  affairs  is  accompanied 
by  a  high  barometer,  clear  sky,  and  either  very 
high  or  very  low  temperatures,  according  as  it 
occurs  in  summer  or  in  winter. 

In  1868  Galton  was  elected  a  member  of  a 
Meterological  Committee  formed  in  order  to  give 
warning  of  storms  to  seaports  and  to  maintain  a  few 
standard  observatories  with  self-recording  instru- 
ments, and  for  thirty-four  years  he  took  an  active 
share  in  the  work.  On  his  resignation  in  1901,  the 
chairman  wrote  :  "  .  .  .  The  Council  feel  that  the 
same  high  order  of  intelligence  and  inventive 
faculty  has  characterised  your  scientific  work  in 
Meteorology  that  has  been  so  conspicuous  in  many 
other  directions  ..."  The  work  of  the  Observa- 
tory grew  so  rapidly  that  it  was  felt  that  the  insti- 
tution needed  to  be  re-modelled  on  a  larger  scale, 
and  so  it  was  converted  into  the  National  Physical 
Laboratory  in  1901. 

And  now  we  can  turn  to  the  work  for  which  this 
man  of  many-sided  genius  is  chiefly  famous,  that 
on  human  heredity.  Like  so  much  of  the  scientific 
work  of  that  day,  it  received  a  great  stimulus  from 
Darwin.  Galton  says  that  the  publication  of 
Darwin's  Origin  of  Species  in  1859  made  a  marked 
epoch  in  his  own  mental  development,  "  as  it  did  in 
that  of  human  thought  generally.  Its  effect  was  to 
demolish  a  multitude  of  dogmatic  barriers  by  a 
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single  stroke,  and  to  arouse  a  spirit  of  rebellion 
against  all  ancient  authorities  whose  positive  and 
unauthenticated  statements  were  contradicted  by 
modern  Science/'  His  description  of  the  reception 
of  Darwin's  Dook  is  interesting,  somewhat  depres- 
sing, and  I  think  serves  as  a  warning  to  most  of  us 
in  our  dealings  with  new  ideas,  since  the  attitucle 
of  mind  here  depicted  is  still  pretty  rife  : — "  I 
doubt,  however,  whether  any  instance  has  occurred 
in  which  the  perversity  of  the  educated  classes  in 
misunderstanding  what  they  attempted  to  discuss 
was  more  painfully  conspicuous.  The  meaning  of 
the  simple  phrase, '  Natural  Selection/  was  distorted 
in  curiously  ingenious  ways,  and  Darwinism  was 
attacked,  both  in  the  press  and  pulpit,  by  persons 
who  were  manifestly  ignorant  of  what  they  talked 
about.  This  is  a  striking  instance  of  the  obstruc- 
tions through  which  new  ideas  have  to  force  their 
way.  Plain  facts  are  apprehended  in  a  moment, 
but  the  introduction  of  a  new  Idea  is  quite  another 
matter,  for  it  requires  an  alteration  in  the  attitude 
and  balance  of  the  mind  which  may  be  a  very 
repugnant  and  even  painful  process." 

As  we  have  said,  Darwin's  work  encouraged 
Galton  to  further  study  of  human  heredity  and  the 
possibilities  of  improving  human  beings.  Opinions 
on  heredity  at  this  time  were  very  contradictory 
and  uncertain.  Many  people  thought  that  the 
lower  animals  inherited  their  bodily,  and  some 
mental,  characteristics,  but  they  denied  that  this 
was  true  of  Mar..  Even  the  word  "  heredity  "  was 
strange  and  considered  a  fanciful  new  invention. 
Now  Galton  had  been  greatly  struck  by  many 
cases  of  heredity  amongst  the  men  at  Cambridge 
University,  and  in  1865  he  wrote  two  papers  for 
Macmillan's  Magazine  on  Hereditary  Talent  and 
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Character,  which  he  says  contain  the  germ  of  many 
of  his  later  books,  viz.,  Hereditary  Genius,  1869  ; 
English  Men  of  Science,  1874  ;  Human  Facility, 
1883  ;  Natural  Inheritance,  1889  ;  and  his  writings 
on  Eugenics. 

Darwin,  after  reading  Hereditary  Genius,  wrote 
to  the  author  :  "  ...  I  must  exhale  myself,  else 
something  will  go  wrong  in  my  inside.  I  do  not 
think  I  ever  in  all  my  life  read  anything  more 
interesting  and  original.  .  .  .  You  have  made  a 
convert  of  an  opponent  in  one  sense,  for  I  have 
always  maintained  that,  excepting  fools,  men  did 
not  differ  much  in  intellect,  only  in  zeal  and  hard 
work  ;  and  I  still  think  this  is  an  eminently  import- 
ant difference  .  .  .  Commenting  on  this,  Galton 
says  that  character,  including  tte  aptitude  for 
work,  is  heritable,  like  every  other  faculty. 

The  second  book  of  this  group,  viz.,  English  Men 
of  Science,  was  based  on  investigations  into  the 
histories  of  Fellows  of  the  Royal  Society,  and  its 
aim  was  to  show  that  aptitude  for  Science  was 
largely  inborn  and  not  acquired,  and  was  therefore 
hereditary.  Incidentally  Galton  concludes  that 
men  are  more  capable  of  scientific  research  than  are 
women,  since  the  latter  are  biased  by  the  emotions 
and  more  inclined  to  obey  authority.  If  so, 
recognition  of  the  fact  may  save  some  of  us  from 
pitfalls. 

Now  Galton  turned  to  a  question  which  had  long 
interested  him,  viz.,  the  relative  powers  of  Heredity 
and  Environment  in  shaping  the  individual,  and 
he  hit  on  the  ingenious  idea  that  the  history  of  twins 
might  help  to  solve  the  problem.  He  divided  twins 
into  two  groups  : — (1)  those  who  were  closely  alike 
in  youth  and  were  afterwards  parted,  and  (2)  those 
who  were  unlike  in  youth  but  were  brought  up 
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together.  The  conclusion  of  his  observations  on 
these  is  that  similarity  persists  in  spite  of  different 
environment,  whilst  differences  also  persist,  in 
spite  of  similar  environment,  i.e.,  Nature  is  far 
stranger  than  Nurture.  The  account  of  this  work 
forms  an  interesting  chapter  in  his  book,  Inquiries 
into  Human  Faculty,  published  in  Everyman' s 
Library.  Following  this,  Galton  flung  himself  into 
mathematical  and  statistical  study  of  heredity,  the 
details  of  which  are  too  complex  to  discuss  here  ; 
but  he  felt  that  he  must  collect  quantities  of  exact 
measurements  of  every  faculty  of  body  and  mind 
which  could  be  measured,  to  form  a  base  for  his 
conclusions,  and  in  the  course  of  doing  so  he  made 
several  and  useful  and  interesting  discoveries  of 
which  I  will  mention  two.  The  first  was  the 
Galton  Whistle,  a  whistle  the  pitch  of  whose  note 
can  be  varied,  so  as  to  determine  the  highest  note 
which  can  be  heard.  This  varies  in  different 
people,  at  different  ages,  and  in  different  species  of 
animals.  Thus  a  cat  can  often  hear  a  note  which 
is  too  high  to  be  heard  by  a  human  being,  whilst 
a  bat's  scream  is  too  high  to  be  heard  by  some 
people.  The  other  discoverey  was  a  method  of 
identifying  people  from  their  finger-prints.  This 
was  adopted  by  the  Home  Office  for  the  identifi- 
cation of  criminals,  etc.,  at  Scotland  Yard. 

His  study  of  heredity  led  on  to  his  last  and  most 
important  work,  that  on  Eugenics,  or  Race  Im- 
provement in  human  beings.  The  idea  of  this  as  a 
practical  possibility  had  long  lain  in  his  mind,  but 
for  many  years  the  public  was  so  lacking  in  know- 
ledge of  the  science  of  biology  and  of  the  facts  of 
heredity  that  it  was  quite  impossible  for  him  to 
lay  his  ideas  before  that  public  with  any  hope  that 
they  would  be  understood.    At  last,  however,  he  felt 
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that  there  had  come  into  existence  at  least  a  small 
number  of  thinking  men  and  women  who  would 
give  his  ideas  a  fair  hearing,  and  in  1884  he  coined 
the  word  "  Eugenics  "  for  the  new  Science  of  which 
he  is  the  modern  founder.  I  say  "  modern " 
because  the  idea  of  the  improvement  of  the  human 
race  is  found  far  back  in  antiquity,  e.g.,  in  the 
writings  of  Plato,  and  the  word  Eugenics  is  derived 
from  the  Greek  eugenes,  meaning  "  well-born  " — 
not  in  our  modern  snobbish  social  sense,  but  in  the 
true  sense  of  descent  from  parents  of  sound  qualities 
of  body  and  mind.  In  spite  of  Galton's  long 
waiting  for  the  education  of  public  opinion,  he  did 
not  escape  misunderstanding  nor  stupid  criticism, 
e.g.,  people  said  that  he  advocated  breeding  human 
beings  in  the  same  way  as  one  breeds  animals,  and 
accused  him  of  a  disgustingly  material  view  of  love 
and  marriage,  whereas  the  truth  was  that  he  had 
urged  the  country  to  prevent  people  afflicted  with 
lunacy,  feeble-mindedness,  habitual  criminality, 
etc.,  from  having  children,  on  the  ground  that 
these  defects  were  inherited  by  the  children,  and 
so  gave  rise  to  a  type  of  humanity  which  was  a 
constant  danger  to  and  drag  on  the  worthier  types. 
He  says  :*  "I  cannot  doubt  that  our  democracy 
will  ultimately  refuse  consent  to  that  liberty  of 
propagating  children  which  is  now  allowed  to  the 
undesirable  classes,  but  the  populace  has  yet  to  be 
taught  the  true  state  of  these  things.  A  demociacy 
cannot  endure  unless  it  be  composed  of  able  citizens  ; 
therefore  it  must  in  self-defence  withstand  the  free 
introduction  of  degenerate  stock.  What  I  desire 
is  that  the  importance  of  Eugenic  marriages  should 
be  reckoned  at  its  just  value,  neither  too  high  nor 
too  low,  and  that  Eugenics  should  form  one  of  the 
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many  considerations  by  which  marriages  are 
promoted  or  hindered,  as  they  are  by  social  position, 
adequate  fortune,  and  similarity  of  creed.  I  can 
believe  hereafter  it  will  be  felt  as  derogatory  for  a 
person  of  exceptionally  good  stock  to  marry  into  an 
inferior  one  as  it  is  for  a  person  of  high  Austrian 
rank  to  marry  one  who  has  not  sixteen  heraldic 
quarterings.  I  also  hope  that  social  recognition 
of  an  appropriate  kind  will  be  given  to  healthy, 
capable,  and  large  families,  and  that  social  influence 
will  be  exerted  towards  the  encouragement  of 
Eugenic  marriages." 

I  think  that  anyone  who  honestly  looks  facts  in 
the  face  to-day  will  be  forced  to  see  that,  as  a 
nation,  we  stand  badly  in  need  of  practical  appli- 
cation of  Eugenics.  The  increase  in  population 
is  far  too  largely  amongst  the  physically  or  mentally 
unfit.  And  too  much  of  our  charity  and  of  our 
legislation  succeeds  only  in  increasing  the  un- 
desirable types  at  the  expense  of  the  desirable. 

In  1904  Gait  on  founded  a  Fellowship  at  London 
University  for  research  in  Eugenics,  which  is  defined 
in  the  Statutes  as  "  The  Study  of  Agencies  under 
Social  Control,  which  may  improve  or  impair  the 
racial  qualities  of  future  generations  either  physi- 
cally or  mentally  ;  "  and  in  1907  a  Eugenics  Labora- 
tory under  Professor  Karl  Pearson  came  into  being 
in  the  University  and  was  endowed  by  Gait  on. 
The  Laboratory  has  issued  a  series  of  most  inter- 
esting reports  and  memoirs  of  its  work  (at  1/-  each, 
published  by  Dulau  &  Co.).  Further,  in  1908,  the 
Eugenics  Education  Society  was  founded,  to 
spread  knowledge  of  Eugenics  in  a  more  popular 
form.  Its  President  is  Major  Leonard  Darwin,  and 
the  Vice-Presidents  and  Members  of  the  Council 
include  men  distinguished  in  Science,  Sociology, 
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Medicine,  and  in  Theology.  It  is  a  hopeful  sign 
of  life  in  the  Church  that  Dean  Inge  should  be  on 
the  Executive  Committee  of  this  Society,  and  one 
hopes  that  soon  the  Church  in  general  will  see  that 
Eugenics  is  an  ally  and  not  an  enemy,  for,  as  Canon 
Lyttleton  says,  the  ground  principle  of  Eugenics  is 
a  deepened  sense  of  the  value  of  human  life — and 
this  was  one  of  the  greatest  truths  taught  by 
Christ. 

Anyone  who  cares  to  find  out  more  about  this 
very  interesting  and  important  Science  should  send 
to  the  offices  of  the  Eugenics  Education  Society, 
II,  Lincoln's  Inn  Fields,  W.C.  2.,  for  a  list  of  the 
pamphlets  and  books  which  they  publish.  These 
include  GaJton's  Essays  in  Eugenics  (1/6),  the 
quarterly  Eugenics  Review  (2/6),  and  a  number  of 
excellent  papers  by  specialists  on  social  questions— 
and  which  of  us  can  ignore  these  questions  to-day  ? 
Another  useful  little  book  is  Schuster's  Eugenics 
(1/-,  Collins). 

In  1 91 1  Galton  died  and  was  buried  at  Claverdon, 
near  Warwick. 
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is.  6d.  net. 

TWENTY  POEMS  FROM  RUDYARD 
KIPLING.  3i3<*  Thousand.  Fcap.  8vo. 
is.  net. 

Knox   (E.   V.    G.).    ('  Evoe '   of  Punch.) 

PARODIES  REGAINED.  Illustrated 
by  George  Morrow.  Fcap.  8vo.  5s. 
net. 

Lamb  (Charles  and  Mary).  THE  COM- 
PLETE WORKS.  Edited  by  E.  V. 
Lucas.  A  New  and  Revised  Edition  in 
Six  Volumes.  With  Frontispieces.  Fcap. 
8vo.  Each  6s.  net. 
The  volumes  are  : — 

1.  Miscellaneous  Prose,  ii.  Elia  and 
the  Last  Essay  of  Elia.  hi.  Books 
for  Children,  iv.  Plays  and  Poems. 
v.  and  vi.  Letters. 
THE  ESSAYS  OF  ELIA.  With  an  Intro- 
duction by  E.  V.  Lucas,  and  28  Illustra- 
tions by  A.  Garth  Jones.  Fcap.  8vo. 
5s.  net. 

Lankester  (Sir  Ray).  SCIENCE  FROM  AN 
EASY  CHAIR.  Illustrated.  Thirteenth 
Edition.     Cr.  8vo.    7s.  6d.  net. 

SCIENCE  FROM  AN  EASY  CHAIR. 
Second  Series.  Illustrated.  Third  Edi- 
tion.   Cr.  8vo.    7s.  6d.  net. 

DIVERSIONS  OF  A  NATURALIST. 
Illustrated.  Third  Edition.  Cr.  8vo. 
7s.  6d.  net. 

SECRETS  OF  EARTH  AND  SEA.  Cr. 
8vC    8s.  6d.  net. 

Lodge  (Sir  Oliver).  MAN  AND  THE 
UNIVERSE  :  A  Study  of  the  Influencb 
of  the  Advance  in  Scientific  Know- 
ledge upon  our  Understanding  of 
Christianity.  Ninth  Edition.  Cr.  8vo. 
7s.  6d.  net. 
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THE  SURVIVAL  OF  MAX  :  A  Study  in 
Unrecognized  Human  Faculty.  Seventh 
Edition      Cr.8vo.  7s.td.net. 

MODERN"  PROBLEMS.   Cr.Svo.  7s.6d.net. 

RAYMOND  ;  or  Life  and  Death. 
Illustrated.  Twelfth  Edition.  Demy  Svo. 
10s.  6d.  net. 

Loring  (F.  H.).  ATOMIC  THEORIES. 
Demy  Svo.    12s.  6d.  net. 

Lucas  (E.  V.)— 

The  Life  of  Charles  Lamb,  2  vols.,  2is. 
net.  A  Wanderer  in  Holland,  ios.  6d. 
net.  A  Wanderer  in  London,  ios.  6d. 
net.  London  Revisited,  ios.  6d.  net.  A 
Wanderer  in  Paris,  ios.  6d.  net  and  6s. 
net.  A  Wanderer  in  Florence,  ios.  6d. 
net.  A  Wanderer  in  Venice,  ios.  6d.  net. 
The  Open  Road  :  A  Little  Book  for 
Wayfarers,  6s.  6d.  net.  The  Friendly 
Town  :  A  Little  Book  for  the  Urbane, 
6s.  net.  Fireside  and  Sunshine, 
6s.  net.  Character  and  Comedy,  6s.  net. 
The  Gentlest  Art  :  A  Choice  of  Letters 
by  Entertaining  Hands,  6s.  6d.  net.  The 
Second  Post,  6s.  net.  Her  Infinite 
Variety  :  A  Feminine  Portrait  Gallery, 
6s.  net.  Good  Company  :  A  Rally  of  Men, 
6s.  net.  One  Day  and  Another,  6s.  net. 
Old  Lamps  for  New,  6s.  net.  Loiterer's 
Harvest,  6s.  net.  Cloud  and  Silver,  6s. 
net.  A  Boswell  of  Baghdad,  and  other 
Essays,  6s.  net.  'Twixt  Eagle  and 
Dove,  6s.  net.    The  Phantom  Journal, 

AND  OTHER  ESSAYS  AND  DIVERSIONS,  6s. 

net.  Specially  Selected  :  A  Choice  of 
Essays,  7s.  6d.  net.  Urbanities.  Illus- 
trated by  G.  L.  Stampa,  7s.  6d.  net. 
The  British  School  :  An  Anecdotal 
Guide  to  the  British  Painters  and  Paint- 
ings in  the  National  Gallery,  6s.  net. 
Roving  East  and  Roving  West  :  Notes 
gathered  in  India,  Japan,  and  America. 
5s.  net.  Edwin  Austin  Abbey,  R.A. 
2  vols.  £6  6s.  net.  Vermeer  of  Delft, 
ios.  6d.  net. 

Meldrum  (D.  S.).  REMBRANDT'S  PAINT- 
INGS.   Wide  Royal  Suo.    £2  2s.  net. 

Methuen  (A.).  AN  ANTHOLOGY  OF 
MODERN  VERSE.  With  Introduction 
by  Robert  Lynd.  Seventh  Edition. 
Fcap.  Svo.  6s.  net.  Thin  paper,  leather, 
7s.  6d.  net. 

McDougall  (William).  AN  INTRODUC- 
TION TO  SOCIAL  PSYCHOLOGY. 
Seventeenth  Edition.    Cr.  8vo.    8s.  6d.  net. 

BODY  AND  MIND:  A  History  and  a 
Defence  of  Animism.  Fifth  Edition. 
Demy  Svo.    12s.  64.  net. 

NATIONAL  WELFARE  AND  NATIONAL 
DECAY.     Cr.  Svo.    6s.  net. 

Maeterlinck  (Mauriee) — 

The  Blue  Bird  :  A  Fairy  Play  in  Six  Acts 
6s.  net.  Mary  Magdalene  :  A  Play  in 
Three  Acts,  5s.  net.  Death,  3s.  6d.  net. 
Our  Eternity,  6s.  net.    The  Unknown 


Guest,  6s.  net.  Poems,  5s.  net.  The 
Wrack  of  the  Storm,  6s.  net.  The 
Miracle  of  St.  Anthony  :  A  Play  in  One 
Act,  3s.  6d.  net.  The  Burgomaster  of 
Stilemonde  :  A  Play  in  Three  Acts,  5s. 
net.  The  Betrothal  ;  or,  The  Blue  Bird 
Chooses,  6s.  net.  Mountain  Paths,  6*. 
net.    The  Story  of  Tyltyl,  21s.  net. 

Milne  (A.  A.)— 
Not  that  it  Matters.    Fcap.    Svo.  6s. 
net.     If  I  May.    Fcap.  8vo.    6s.  net. 

Nevill  (Ralph).  MAYFAIR  AND  MONT- 
MARTRE.    Demy  Svo.    15s.  net. 

Norwood  (Gilbert).  EURIPIDES  AND 
SHAW  :  With  other  Essays.  Cr.  Svo. 
7s.  6d.  net. 

Osborn  (E.  B.).  LITERATURE  AND 
LIFE.    Cr.  Svo.    7s.  6d.  net. 

Oxenham  (John) — 

Bees  in  Amber  ;  A  Little  Book  of 
Thoughtful  Verse.  Small  Pott  Brno. 
Stiff  Boards.  2s.  net.  All's  Well  ; 
A  Collection  of  War  Poems.  The  King's 
High  Way.  The  Vision  Splendid. 
The  Fiery  Cross.  High  Altars  :  The 
Record  of  a  Visit  to  the  Battlefields  of 
France  and  Flanders.  Hearts  Coura- 
geous. All  Clear  !  All  Small  Pott 
Svo.  Paper,  is.  3d.  net ;  cloth  boards,  25. 
net.  Winds  of  the  Dawn.  Gentlemen 
— The  King,  2s.  net. 

Petrie  (W.  M.  Flinders).  A  HISTORY  OF 
EGYPT.  Illustrated.  Six  Volumes.  Cr. 
Svo.    Each  gs.  net. 

Vol.  I.  From  the  1st  to  the  XVIth 
Dynasty.    Ninth  Edition,    (ios.  6d.  net.) 

Vol.  II.  The  XVIIth  and  XVIIIte 
Dynasties.    Sixth  Edition. 

Vol.  III.  XIXth  to  XXXth  Dynasties, 
Second  Edition. 

Vol.  IV.  Egypt  under  the  Ptolemaic 
Dynasty.  J.P.Mahaffy.  Second  Edition. 

Vol.  V.  Egypt  under  Roman  Rule. 
J.  G.  Milne.    Second  Edition. 

Vol.  VI.  Egypt  in  the  Middle  Ages. 
Stanley  Lane  Poole.    Second  Edition. 

SYRIA  AND  EGYPT,  FROM  THE  TELL 
EL  AMARNA  LETTERS.  Cr.  Svo. 
5s.  net. 

EGYPTIAN  TALES.  Translated  from  the 
Papvri.  First  Series,  ivth  to  xnth 
Dynasty.  Illustrated.  Third  Edition. 
Cr.  Svo.    5s.  net. 

EGYPTIAN  TALES.  Translated  from  the 
Papyri.  Second  Series,  xvmth  to  xixth 
Dynasty.  Illustrated.  Second  Edition. 
Cr.  Svo.    5s.  net. 

Pollitt  (Arthur  W.).  THE  ENJOYMENT 
OF  MUSIC.  Second  Edition.  Cr.  Svo. 
5s.  net. 

Price  (L.  L.).  A  SHORT  HISTORY  OF 
POLITICAL  ECONOMY  IN  ENGLAND 
FROM  ADAM  SMITH  TO  ARNOLD 
TOYNBEE.  Eleventh  Edition.  Cr.  Svo. 
5s.  net. 
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Selous  (Edmund)— 
Tommy  Smith's  Animals.  Tommy 
Smith's  Other  Animals.  Tommy  Smith 
at  the  Zoo.  Tommy  Smith  again  at 
the  Zoo.  Each  2s.  gd.  Jack's  Insects, 
3$.  6d.    Jack's  Other    Insects,  3s.  6d. 

Shelley  (Percy  Bysshe).  POEMS.  With 
an  Introduction  by  A.  Clutton-Brock 
and  Notes  by  C.  D.  Locock.  Two 
Volumes.    Demy  8vo.    £1  is.  net. 

Smith  (Adam).  THE  WEALTH  OF 
NATIONS.  Edited  by  Edwin  Cannan. 
Two  Volumes.  Third  Edition.  Demy 
8vo.    £1  10s.  net. 

Smith  (S.  C.  Kaines).  LOOKING  AT 
PICTURES.  Uustrated.  Second  Edi- 
tion.   Fcap.  8vo.    6s.  net. 

Spens  (Janet).  ELIZABETHAN  DRAMA. 
Cr.  8vo.    6s.  net. 

Stevenson  (R.  L.).  THE  LETTERS  OF 
ROBERT  LOUIS  STEVENSON.  Edited 
by  Sir  Sidney  Colvin.  A  Neu>  Re- 
arranged Edition  in  four  volumes.  Fourth 
Edition.    Fcap.  8vo.    Each  6s.  net. 

Surtees  (R.  S.)— 

Handley  Cross,  7s.  6d.  net.  Mr. 
Sponge's  Sporting  Tour,  7s.  6d.  net. 
Ask  Mamma  :  or,  The  Richest  Commoner 
in  England,  7s.  6d.  net.  Jorrocks's 
Jaunts  and  Jollities,  6s.  net.  Mr. 
Facey  Romford's  Hounds,  7s.  6d.  net. 
Hawbuck  Grange  ;  or,  The  Sporting 
Adventures  of  Thomas  Scott,  Esq.,  6s. 
net.  Plain  or  Ringlets  ?  7s.  6d.  net. 
Hillingdon  Hall,  7s.  6d.  net. 

Tllaen  (W.  T.).  THE  ART  OF  LAWN 
TENNIS.  Illustrated.  Fourth  Edition. 
Cr.  8vo.    6s.  net. 

Tileston  (Mary  W.).  DAILY  STRENGTH 
FOR  DAILY  NEEDS.  Twenty-seventh 
Edition.    Medium  i6mo.    3s.  6d.  net. 


Turner  (W.  J.).  MUSIC  AND  LIFE. 
Cr.  8vo.    7s.  6d.  net. 

Underhill  (Evelyn).  MYSTICISM.  A 
Study  in  the  Nature  and  Development  of 
Man's  Spiritual  Consciousness.  Ninth 
Edition.    Demy  8vo.    15s.  net. 

Vardon  (Harry).  HOW  TO  PLAY  GOLF. 
Illustrated.  Fifteenth  Edition.  Cr.  Svo. 
5s.  6d.  net. 

Wade  (G.  W.).  NEW  TESTAMENT 
HISTORY.    Demy  8vo.    18s.  net. 

Waterhouse  (Eliiabeth).  A  LITTLE  BOOK 
OF  LIFE  AND  DEATH.  Twenty-first 
Edition.    Small  Pott  81/0.    2s.  6d.  net. 

Wells  (J.).  A  SHORT  HISTORY  OF 
ROME.  Eighteenth  Edition.  With  3 
Maps.    Cr.  Bi>0.  5s. 

Wilde  (Oscar).  THE  WORKS  OF  OSCAR 
WILDE.    Fcap.  8vo.    Each  6s.  6d.  net. 

1.  Lord  Arthur  Savile's  Crime  and 
the  Portrait  of  Mr.  W.  H.  ii.  The 
Duchess  of  Padua,  hi.  Poems,  iv. 
Lady  Windermere's  Fan.  v.  A  Woman 
of  No  Importance,  vi.  An  Ideal  Hus- 
band, vii.  The  Importance  of  Being 
Earnest,  viii.  A  House  of  Pome- 
granates, ix.  Intentions,  x.  De  Pro- 
fundis  and  Prison  Letters,  xi.  Es- 
says, xii.  Salome,  A  Florentine 
Tragedy,  and  La  Sainte  Courtisane. 
xiii.  A  Critic  in  Pall  Mall.  xiv. 
Selected  Prose  of  Oscar  Wilde. 
xv.  Art  and  Decoration. 

A  HOUSE  OF  POMEGRANATES.  Illus- 
trated.   Cr.  4/0.    21s.  net. 

Yeats  (W.  B.).  A  BOOK  OF  IRISH 
VERSE.  Fourth  Edition.  Cr.  Zvo.  7s. 
net. 


Part  II. — A  Selection  of  Series 
The  Antiquary's  Books 

Demy  Svo.    10s.  6d.  net  each  volume 
With  Numerous  Illustrations 


Ancient  Painted  Glass  in  England. 
Archaeology  and  False  Antiquities. 
The  Bells  of  England.  The  Brasses 
of  England.  The  Castles  and  Walled 
Towns  of  England.  Celtic  Art  in 
Pagan  and  Christian  Times.  Church- 
wardens' Accounts.  The  Domesday 
Inquest.  English  Church  Furniture. 
English  Costume.  English  Monastic 
Life.  English  Seals.  Folk-Lore  as 
an  Historical  Science.  The  Gilds  and 
Companies  of  London.  The  Hermits 
and    Anchorites    of    England.  The 


Manor  and  Manorial  Records.  The 
Mediaeval  Hospitals  of  England. 
Old  English  Instruments  of  Music. 
Old  English  Libraries.  Old  Service 
Books  of  the  English  Church.  Parish 
Life  in  Medieval  England.  The 
Parish  Registers  of  England.  Re- 
mains of  the  Prehistoric  Age  in  Eng- 
land. The  Roman  Era  in  Britain. 
Romano-British  Buildings  and  Earth- 
works. The  Royal  Forests  of  Eng- 
land. The  Schools  of  Medieval  Eng- 
land.   Shrines  of  British  Saints. 
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The  Arden  Shakespeare 

General  Editor,  R.  H.  CASE 
Demy  8vo.    6s.  net  each  volume 

An  edition  of  Shakespeare  in  Single  Plays ;  each  edited  with  a  full  Intro- 
duction, Textual  Notes,  and  a  Commentary  at  the  foot  of  the  page. 

Classics  of  Art 

Edited  by  Dr.  J.  H.  W.  LALXG 
With  numerous  Illustrations.    Wide  Royal  Svo 

The  Art  of  the  Greeks,  21s.  net.    The  ]  net.    Raphael,   15s.  net.  Rembrandt's 

Art  of  the  Romans,  ics.  net.  Chardin,  (  Etchings,  31s.  6d.  net.  Rembrandt's 
15s.  net.    Donatello,  16s.  net.    George  <.     Paintings,  42s.  net.  Tintoretto,  16s.  net. 

Romney.iss.  net.  Geirlandaio,  15s.net.  I  Titian,  16s.  net.  Turner's  Sketches  and 
Lawrence,  25s.  net.    Michelangelo,  15s.  I     Drawings,  15s.  net.    Velasquez,  15s.  net. 


The  *  Complete  '  Series 

Fully  Illustrated.    Demy  Svo 


The  Complete  Airman,  i6s.  net.  The 
Complete  Amateur  Eoxer,  ios.  6d.  net. 
Thb  Complete  Association  Foot- 
baller, ios.  6d.  net.  The  Complete 
Athletic  Trainer,  ios.  6d.  net.  The 
Complete  Billiard  Player,  ios.  6d. 
net.  The  Complete  Cook,  ios.  6d.  net. 
The  Complete  Foxhunter,  i6s.  net. 
The  Complete  Golfer,  12s.  6d.  r.et. 
The  Complete  Hockey-Player,  ios.  6d. 
net.  Tee  Complete  Horseman,  15s. 
net.    The  Complete  Jujitsuan.  Cr.Bvo. 


(  5s.  net.  The  Complete  Lawn  Tennis 
Player,  12s.  6d.  net.  The  Complete 
Motorist,  ios.  6d.  net.  The  Complete 
Mountaineer,  ios.  net.  The  Complete 
Oarsman,  15s.  net.  The  Complete 
Photographer,  12s.  6d.  net.  The  Complete 
Rugby  Footballer,  on  the  New  Zea- 
land System,  12s.  6d.  net.  The  Com- 
plete Shot,  16s.  net.  The  Complete 
Swimmer,  ios.  6d.  net.  The  Complete 
Yachtsman,  18s.  net. 


The  Connoisseur's  Library 

With  numerous  Illustrations.  Wide  Royal  8vo.  £1  us.  6d.  net  each  volume 
English    Coloured    Books.     Etchings.  :     Ivories.       Jewellery.  Mezzotints. 

European    Enamels.       Fine    Books.       Miniatures.        Porcelain.  Seals. 

Glass.    Goldsmiths'  and  Silversmiths'       Wood  Sculpture. 

Work.      Illuminated      Manuscripts.  | 


Handbooks  of  Theology 

Demy  8vo 


The  Doctrine  of  the  Incarnation,  15s.  1 
net.    A  History  of  Early  Christian 
Doctrine,  16s,  net.    Introduction  to 
the  History  of  Religion,  12s.  6d.  net. 
An  Introduction  to  the  History  of  I 


the  Creeds,  12s.  6d.  net.  The  Philosophy 
of  Religion  in  England  and  America, 
12s.  6d.  net.  The  XXXIX  Articles  of 
the  Church  of  England,  15s.  net. 


Health  Series 

Fcap.  8vo.    25.  6d.  net 


The  Baby.  The  Care  of  the  Body.  The 
Care  of  the  Teeth.  The  Eyes  of  our 
Children.  Health  for  the  Middle- 
Aged.  The  Health  of  a  Woman.  The 
Health  of  the  Skin.    How  to  Live 


Long.  The  Prevention  of  the  Common 
Cold.  Staying  the  Plague.  Throat 
and  Ear  Troubles.  Tuberculosis. 
The  Health  of  the  Child,  2s.  net. 
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The  Library  of  Devotion 

Handy  Editions  of  the  great  Devotional  Books,  well  edited 
With  Introductions  and  (where  necessary)  Notes 
Small  Pott  8vo,  cloth,  3s.  net  and  3s.  6d.  net 


Little  Books  on  Art 

With  many  Illustrations.    Demy  i6mo.    5s.  net  each  volume 
Each  volume  consists  of  about  200  pages,  and  contains  from  30  to  40 
Illustrations,  including  a  Frontispiece  in  Photogravure 


Albrecht  Durer.  The  Arts  of  Japan. 
Bookplates.  Botticelli.  Burne- 
Jones.  Cellini.  Christian  Symbolism. 
Christ  in  Art.  Claude.  Constable. 
Corot.  Early  English  Water-Colour. 
Enamels.  Frederic  Leighton.  George 
Romney.      Greek  Art.     Grbuze  and 


Boucher.  Holbein.  Illuminated 
Manuscripts.  Jewellery.  John  Hofp- 
ner.  Sir  Joshua  Reynolds.  Millet. 
Miniatures.  Our  Lady  in  Art. 
Raphael.  Rodin.  Turner.  Vandyck. 
Watts. 


The  Little  Guides 

With  many  Illustrations  by  E.  H.  New  and  other  artists,  and  from 

photographs 

Small  Pott  Svo.    45.  net  to  js.  6d.  net. 

Guides  to  the  English  and  Welsh  Counties,  and  some  well-known  districts 

The  main  features  of  these  Guides  are  (1)  a  handy  and  charming  form; 
(2)  illustrations  from  photographs  and  by  well-known  artists  ;  (3)  good 
plans  and  maps  ;  (4)  an  adequate  but  compact  presentation  of  everything 
that  is  interesting  in  the  natural  features,  history,  archaeology,  and  archi- 
tecture of  the  town  or  district  treated. 


The  Little  Quarto  Shakespeare 

Edited  by  W.  J.  CRAIG.    With  Introductions  and  Notes 

Pott  i6mo.    40  Volumes.    Leather,  price  is.  gd.  net  each  volume 
Cloth,  is.  6d.  net. 


Plays 

Fcap.  8vo.    35.  6d.  net 


Milestones.  Arnold  Bennett  and  Edward 
Knoblock.     Tenth  Edition. 

Ideal  Husband,  An.  Oscar  Wilde.  Act- 
ing Edition. 

Kismet.  Edward  Knoblock.  Fourth  Edi- 
tion. 

The  Great  Adventure.  Arnold  Bennett. 
Fifth  Edition. 


Typhoon.    A  Play  in  Four  Acts.  Melchior 

Lengyel.    English  Version  by  Laurence 

Irving.    Second  Edition. 
Ware  Case,  The.    George  Pleydell. 
General    Post.    J.    E.    Harold  Terry. 

Second  Edition. 
The  Honeymoon.    Arnold  Bennett.  Third 

Edition. 


Messrs.  Methuen's  Publications  7 
Sports  Series 

Illustrated.    Fcap.  8vo 
All   About   Flying,   3$.   net.    Alpine  i     Players,  2s.  net.    Lawn  Tennis,  3$.  net. 
Ski-ing  at  All  Heights  and  Seasons,  j     Lawn  Tennis  Do's  and  Dont's,  2s.  net. 


Cross  Country  Ski-ing,  5s.  net. 
Golf  Do's  and  Dont's,  2s.  6d.  net. 
Quick  Cuts  to  Good  Golf,  25.  6d.  net. 
Inspired  Golf,  2s.  6d.  net.  Driving. 
Approaching,   Putting,  25.  net.  Golf 


Lawn  Tennis  for  Young  Players, 
25.  6d.  net.  Lawn  Tennis  for  Club 
Players,  25.  6d.  net.  Lawn  Tennis  for 
Match  Players,  2$.  6d.  net.  Hockey, 
4s.  net.    How  to  Swim,  2s.  net.  Punt- 


Clubs  and  How  to  Use  Them,  2s.  net.  ing,  35.  6d.  net.  Skating,  3s.  net. 
The  Secret  of  Golf  for  Occasional  I     Wrestling,  2s.  net. 

The  Westminster  Commentaries 

General  Editor,  WALTER  LOCK 

Demy  8vo 

Tee  Acts  of  the  Apostles,   12s.  6d.  net.  |  165. net.    Job.  Ss.  6d.  net.    The  Pastoral 

Amos,  8s.  6d.  net.    I  Corinthians,  8s.  Epistles,  Ss.  64.  net.    The  Philippians, 

6d.   net.    Exodus,    15s.    net.    Ezekiel,  I  8s.  6d.  net.    St.  James,  Ss.  6d.  net.  St. 

12s.  6d.  net.  Genesis,  16s.  net.  Hebrews,  |  Matthews,  15s.  net.  St.  Luke,  15s.  net. 
8s.  6d.  net.    Isaiah,  16s.  net.    Jeremiah,  [ 
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Part  III. — A  Selection  of  Works  of  Fiction 


Bennett  (Arnold; — 

Clayhanger,  8s.  net.  Hilda  Lessways, 
8s.  6d.  net.  These  Twain.  The  Card. 
Tee  Regent  :  A  Five  Towns  Story  of 
Adventure  in  London.  The  Price  of 
Love.  Buried  Alive.  A  Man  from 
the  North.  The  Matador  of  the  Five 
Towns.  Whom  God  hath  Joined.  A 
Great  Man  :  A  Frolic.  Mr.  Prohack. 
All  7s-  6d-  nct- 

Birmingham  (George  A.) — 

Spanish  Gold.  The  Search  Party. 
Lalags's  Lovers.  The  Bad  Times.  Up, 
the  Rebels.  The  Lost  Lawyer.  All 
7s.  6d.  net.   Inisheeny,  8s.  6d.  net. 

Burroughs  (Edgar  Rice)  — 

Tarzan  of  the  Apes,  6s.  net.  The 
Return  of  Tarzan,  6s.  net.  The  Beasts 
cf  Tarzan,  6s.  net.  The  Son  of  Tarzan, 
6s.  net.  Jungle  Tales  of  Tarzan,  6s. 
net.  Tarzan  and  the  Jewels  of  Gpar, 
6s.  net.  Tarzan  the  Untamed,  7s.  6d.  net. 
A  Princess  of  Mars,  6s.  net.  The  Gods 
of  Mars,  6s.  net.  The  Warlord  of 
Mars,  6s.  net.  Thuvia,  Maid  of  Mars, 
6s.  net.  Tarzan  the  Terrible,  2s.  6d.  net. 
The  Mucker,  6s.  net.  The  Man  with- 
out a  Soul,  6s.  net. 

Conrad  (Joseph) — 

A  Set  of  Six,  7s.  6d.  net.  Victory  :  An 
Island  Tale.  Cr.  8vo.  gs.  net.  The 
Secret  Agent  :  A  Simple  Tale.  Cr.  8vo. 
gs.  net.  Under  Western  Eyes.  Cr. 
&vo.  9s.  net.    Chance.    Cr.  Svo.    gs.  net. 


Corelli  (Marie) — 

A  Romance  of  Two  Worlds,  7s.  6d.  net. 
Vendetta  :  or,  The  Story  of  One  For- 
gotten, 8s.  net.  Thelma  :  A  Norwegian 
Princess,  8s.  6d.  net.  Ardath  :  The  Story 
of  a  Dead  Self,  7s.  6d.  net.  The  Soul  of 
Lilith,  7s.  6d.  net.  Wormwood  :  A  Drama 
of  Paris,  8s.  net.  Barabbas  :  A  Dream  of 
the  World's  Tragedy,  Ss.  net.  The  Sorrows 
of  Satan,  7s.  6d.  net.  The  Master- 
Christian,  8s.  6d.  net.  Temporal  Power: 
A  Study  in  Supremacy,  6s.  net.  God's 
Good  Man  :  A  Simple  Love  Story,  8s.  6d. 
net.  Holy  Orders  :  The  Tragedy  of  a 
Quiet  Life,  8s.  6d.  net.  The  Mighty  Atom, 
7s.  6d.  net.  Boy  :  A  Sketch,  7s.  6d.  net. 
Cameos,  6s.  net.  The  Life  Everlasting, 
8s.  6d.  net.  The  Love  of  Long  Ago,  and 
Other  Stories,  8s.  6d.  net.  Innocent, 
7s.  6d.  net.  The  Secret  Power  :  A 
Romance  of  the  Time,  7s.  6d.  net. 


Hiehens  (Robert) — 

Tongues  of  Conscience,  7s.  6d.  net. 
Felix  :  Three  Years  in  a  Life,  7s.  6d.  net. 
The  Woman  with  the  Fan,  7s.  6d.  net. 
The  Garden  of  Allah,  8s.  6d.  net. 
The  Call  of  the  Blood,  8s.  6d.  net. 
The  Dweller  on  the  Threshold,  7s.  6d. 
net.  The  Way  of  Ameition,  7s.  6a.  net. 
In  the  Wilderness,  7s.  6d.  net. 
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Hope  (Anthony) — 

A  Change  of  Air.  A  Man  of  Mark. 
Simon  Dale.  The  King's  Mirror. 
The  Dolly  Dialogues.  Mrs.  Maxon 
Protests.  A  Young  Man's  Year. 
Beaumaroy  Home  from  the  Wars. 
All  7s.  6d.  net. 

Jacobs  (W.  W.)— 

Many  Cargoes,  5s.  net.  Sea  Urchins, 
5s.  net  and  3s.  6d.  net.  A  Master  of 
Craft,  6s.  net.  Light  Freights,  5s.  net. 
The  Skipper's  Wooing,  5s.  net.  AtSun- 
wich  Port,  5s.  net.  Dialstone  Lane, 
5s.  net.  Odd  Craft,  5s.  net.  The  Lady 
of  the  Barge,  5s.  net.  Salthaven,  5s. 
net.  Sailors'  Knots,  5s.  net.  Short 
Cruises,  6s.  net. 

London  (Jack)—  WHITE  FANG.  Ninth 
Edition.    Cr.  8vo.    7s.  64.  net. 

Lucas  (E.  V.)— 

Listener's  Lure  :  An  Oblique  Narration, 
6s.  net.  Over  Bemerton's  :  An  Easy- 
going Chronicle,  6s.  net.  Mr.  Ingleside, 
6s.  net.  London  Lavender,  6s.  net. 
Landmarks,  6s.  net.  The  Vermilion 
Box,  6s.  net.  Verena  in  the  Midst, 
8s.  6d.  net.    Rose  and  Rose,  6s.  net. 

McKenna  (Stephen) — 

Sonia  :  Between  Two  Worlds,  8s.  net. 
Ninety-Six  Hours'  Leave,  7s.  6d.  net. 
The  Sixth  Sense,  6s.  net.  Midas  &  Son, 
8s.  net. 

Malet  (Lucas)— 

The  History  of  Sir  Richard  Calmady  : 
A  Romance.  10s.  net.  The  Carissima. 
The  Gateless  Barrier.  Deadham 
Hard.  All  7s.  6d.  net.  The  Wages  of 
Sin.  8s.  net.  Colonel  Enderby's  Wife, 
7s.  6d.  net. 

Mason  (A.  E.  W.).  CLEMENTINA. 
Illustrated.  Ninth  Edition.  Cr.  8vo. 
7s.  6d.  net. 

Milne  (A.  A.)— 
The  Day's  Play.  The  Holiday  Round. 
Once  a  Week.  All  Cr.  8vo.  7s.  6d.  net. 
The  Sunny  Side.  Cr.  8vo.  6s.  net. 
The  Red  House  Mystery.  Cr.  8vo. 
6s.  net. 


Oxenham  (John) — 

Profit  and  Loss.  The  Song  of  Hya- 
cinth, and  Other  Stories.  The  Coil  of 
Carne.  The  Quest  of  the  Golden  Rose. 
Mary  All-Alone.    All  7s.  6d.  net. 

Parker  (Gilbert)— 

Mrs.  Falchion.  The  Translation 
of  a  Savage.  When  Valmond  came 
to  Pontiac  :  The  Story  of  a  Lost 
Napoleon.  An  Adventure  of  the 
North  :  The  Last  Adventures  of  '  Pretty 
Pierre.'  The  Seats  of  the  Mighty.  The 
Battle  of  the  Strong  :  A  Romance 
of  Two  Kingdoms.  The  Trail  of  the 
Sword.  Northern  Lights.  All  7s.  6d. 
net. 


Phillpotts  (Eden)— 

Children  of  the  Mist.  The  River. 
Demeter's  Daughter.  The  Human 
Boy  and  the  War.    All  7s.  6d.  net. 

Rohmer  (Sax) — 

Tales  of  Secret  Egypt.  The  Orchard 
of  Tears.  The  Golden  Scorpion.  All 
7s.  6d.  net.  The  Devil  Doctor. 
The  Mystery  of  Dr.  Fu-Manchu.  The 
Yellow  Claw.     All  3s.  6d.  net. 

Swinnerton  (F.)  Shops  and  Houses. 
September.  The  Happy  Family.  On 
The  Staircase.  Coquette.  The  Chaste 
Wife.  All  7s.  6d.  net.  The  Merry 
Heart,  The  Casement,  The  Young 
Idea.    All  6s.  net. 

Wells  (H.  G.).  BEALBY.  Fourth  Edition. 
Cr.  8vo.    7s  6d.  net. 

Williamson  (C.  N.  and  A.  M.)— 

The  Lightning  Conductor  :  The  Strange 
Adventures  of  a  Motor  Car.  Lady  Betty 
across  the  Water.  It  Happened  in 
Egypt.  The  Shop  Girl.  The  Lightning 
Conductress.  My     Friend  the 

Chauffeur.  Set  in  Silver.  The 
Great  Pearl  Secret.  The  Love 
Pirate.  All  7s.  6d.  net.  Crucifix 
Corner.  6s.  net. 
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